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H3o6peTeHne othochtch k npou3BOAHWM 
6eH3o4>ypa3aHa hjih 6eH3o-2,1,3-Tnaflna3ona 
cJjopMynbi I, b KOTopofl R 1 npeACTaarmeT 
KVicnopoA nnn cepy, R 2 h R 3 He3aBncnMO 
Bw6npatoT H3 rpynnw, cocToamefl H3 -CR= M 
npeACTaanneT =CR 4 -, rAe R 4 He3aBMCMMO 
npeACTaaruieT R, R 8 npeACTaanfler boaopoa, 
R 5 Bbi6npaK)T M3 rpynnw, cocTOflinefl M3 
-CR=CR 1 -, -CR=CX-, -(CRR 1 ) n -. R 7 Bw6npaiOT 
M3 rpynnw, cocTOflinefi us -(CRR \-, -C(O)-, 
-CRX-, -CXX 1 -, R 6 Bbi6npaiOT M3 rpynnw, 
cocToamefl M3 -(CRR 1 J hr , -C(Oy, -CRX 
-CXX 1 -, -S- m -O-. CoeAHH8HH« o6naAaioT 
ycwnnBaioiAHMH AM PA peLieniopw CBOfiCTBaMH. 



3tm coeAMHeHUfl mo>kho ncno/ib30BaTb pj\9\ 
TaKnx TepaneBTHMecKMX Lianefi, iok o6nerH6Hne 
o6yHeHMio noBeASHnto, m Ann nevenun 
cocTOHHwfi, t3kmx, K3K HapyweHHH naMHTH M3-3a 

yMeHbliieHUfl KOJWHeCTBa HTIW 3$Cf)eKTMBHOCTH 

AMPA pei^emopoB nnn cHHancoB, 
ncno/ib3yK3L4Mx 3tm peijenTopw. OnucaH TaiOKe 
cnoco© neMeHUfl c noMoi^bio 3ajianeHHbix 
coeAMHeHMM. 2 c. n 28 3.n. <p-nb\, 3 nn , 1 Ta6n. 
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(54) DERIVATIVES OF BENZOFURAZANE OR BENZO-2,1 ,3-THIADIAZOLE AND METHOD OF TREATMENT 

atom; R 5 is taken among the group comprising 
of CR=CR 1 -, CR=CX-, -(RR 1 ) n -; R 7 is taken 
among the group comprising of -(CRR 1 )n-, 
-C(O)-, -CRX- -CXX 1 -; R 6 is taken among the 
group comprising of -(CRR 1 )^, -CfO)-, 

-CRX-, CXX 1 , -S- and O-. Compounds show 
properties enhancing AMPA-receptors. These 
compounds can be used for some therapeutic 
aims, for example, alleviation of behavior 
learning, for treatment of states, for 
example, memory disorders caused by decrease 
amount or efficiency of AMPA-receptors or 
synapsis using these receptors. Invention 
describes also a method of treatment using 
the claimed compounds. EFFECT: improved 
method of treatment, valuable medicinal 
properties. 30 cl, 3 dwg, 1 tbl, 22 ex 



(57) Abstract: 

FIELD: organic chemistry, medicine, 
pharmacy. SUBSTANCE: invention elates to 
derivatives of benzofurazane or 
benzo-2,1,3-thiadiazo!e of the formula (I) 

where 



R 1 means oxygen or sulfur atom; R 2 and 
R 3 are taken independently among the group 
comprising of CR=; M means =CR 4 where 
R 4 means independently R; R 8 means hydrogen 
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06\nacTb M3o6peTeHnn 

H3o6peTeHne othocmtch k npoqbKJiaKTMKe n 
xieMeHHio u,epe6panbH0fl HeAOCTaTOM hoctm , 
BKniosafl ycuneHMe 4>yHKu,MOHupoBaHMH 
pei^enTopoB b cvmancax b ceinx M03ra, 
OTBeTCTBe h h boc 3a noseAeHne Bbicwero 
nopflAKa. 3tm ce™ M03ra yMacTByioT b 

n03HaBaT6JlbHblX OTOCOOHOCTflX, CBHSaHHblX c 

HapywehMHMW naM*™, TaKMMM, KaKMe 
Ha6moflaioTC* npn paannMHbix cfopMax 
cna6oyMnn m npn HapyweHMax HetfpoHHofi 

3KT MB HOCTM MeWfly p33TIMMHblMM yMaCTKaMM 

M03ra, mto npeAno/iaraeTCfl npu t3kmx 
3a6ojieBaHMflx, ksk ujM30O>peHMfl. Bonee 
KOHKpeTHO, HacTOfliMee M3o6peTeHMe othocmtca 

K COeAMHeHMHM, KOTOpbie MO)KHO MCnOJlbSOBaTb 

Ann jieMeHun tskmx coctoahmm" m k cnocooaM 
Mcnonb30BaHM5i 3TMX coeAHHeHwtf Ana TaKoro 
neMeHMfl. 

(IpeAnocbinKM M3o6peTeHMfl 

BbiAe/ienne rnyiaMaTa y cnHancoB bo 
MHorux tom Kax nepeAHero M03ra 
wineKonnTaioiMMX ctm Myxi m py ©t ABa icnacca 
nocTCMHanTMMecKnx peijenTopoB. OGwmho stm 
Knaccbi Ha3bisaioT peu,enTopaMM 

AMPA/KBMCKBanaTa m 

N-MeTun-O-acnaparviHOBO^ KMcnoTbi ■ (NMDA). 
AMPA/KBMCKBanaTHbie peu,enTopbi onocpeAyioT 

He3aBMCMMbjR OT HanpjUKeHMH SblCTpblM 

B036y>KAaioiuMR nocTCMHanTWMecKMfi tok 
(6biCTpbifi EPSC), TOfAa KaK NMDA peu,enTopbi 
cosAaiOT 3aBMCFitHMM ot Hanp«)KeHMfl p 
MeAneHHbifl B036y>KAaiomM&" tok. 

HccneAOBaHMfl, npoBeAeHHbie Ha cpe3ax 
rvinnoicaMna mjim rapbi ronoBHoro M03ra, 
noKa3b!BaiOT, hto AMPA peijeriTop, 
onocpeAyioiUMM" 6bJCTpbitf EPSC, oowmho 

flBJlfleTCH AOMMHaHTHOfl KOMHOHGHTOW 

6ojibiUMHCTBa myTa-MaTeprviMecKMX CMHancoB. 

AMPA pei^enTopw He pacnpeAeneHbi 
paBHOMepHO no M03ry, ho CKopee m maBHUM 

06pa30M OrpaHMMeHbl KOHeMHbIM mo3tom m 

M03XceHKOM. 3tm peu,enTOpbi o&HapyweHbi b 
BblCOKHX KOHU,eHTpaU 1 MHX B nosepxHocTHbix 

cnoax HeoKopTeKca, b Ka>KAoa ms ochobhwx 
cm HanTMH ecKMX 30H rwnnoKaMna w b CTpMapHOM 
KOMruieKce, KaK coo6inariM Monaghan et al. b 
Brain Research, 324:160-164 (1984). 
HccneAOBaHM« Ha acMBOTHbix u Ha niOAflx 
noKa3biBaK)T, mto stm cTpyKTypbi opraHM3yioT 
cno)KHbie HenpepbiBHbie ABMraTexibHbie 
npoLjeccw m npeAOCTaanflJOT ocHOBy Ana 
noBeASHMfl Bbiciuero nopflAKa. TaK, AMPA 
peuenTopw onocpeAyioT nepeAawy b Te ceTM 
M03ra, KOTOpbie oTBenaiOT 3a no3HaBaTe/ibHbie 
aKTMBHocTM MHAMBMAyyMa. 

riO 3TMM npMMMH3M JieKapCTBa, KOTOpbie 
yCMJlMBaiOT 0yHKL^MOHMpOBaHMe AMPA 

pei^enTopOB, MoryT oKa3aTb SHaMMTeribHoe 
6naronpnHTHoe B03AeRcTBne Ha 
MHTeruieKTyajibHwe xapaKTepucTHKM. TaKMe 
neicapcTBa AorwcHbi Taioce o6nerMMTb 
KOAHposaHMe naMATM. 3KcnepMMeHTaribHbie 
MccneAOBaHMs, Tawe KaK Te, o KOTopbix 
cooSmann Aria and Lynch, Brain Research, 
598:173-184 (1992), noKa3biBajOT, mto 
yse/iMMeHne mht6Hcmbhoctm AMPA peu,enTopoM 
onocpeACTBOBaHHbrx cMHanTMMecKMX peaiajMH 
ycunviBaeT MHAyu^poBaHMe AonroBpeMeHHoro 
noTe h i^m m poBa h m n (LTP). LTP cTa6nnbHO 
noBbiiuaeT npoMHOCTb cnHanTMMecwix 
KOHTaKTOB, KOTopwe BO3HMKai0T nocne 

nOBTOpHO^ Cf)M3M0norMHeCKOM 3KTMBHOCTM 

TaKoro Tuna, KOTopuvi, KaK MSBecTHO, 
nponcxoAMT b M03ry bo Bpewifl o6yMeHH«. 
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CoeAUHeHua, KOTopwe ycunnaaiOT 
cfryHKMMOHMpoBaHne AMPA (Jwpwi rnyTaMaTHbix 
pei^enTopoB, o6/ierMaioT MHAyuwpoBaHMe LTP m 
HaKonnenne 33A3M o6yMeHM«, mto onpeAeneHO 
Ha pnae npMMepoB. Cm., HanpMMep. Granger et 
al., Synapse, 15:326-329 (1993); Staubli et 
al.. PNAS, 91:777-781 (1994); Arai et al, 
Brain Res. , 638:343-346 (1994); Staubli et 
al., PNAS, 91:11158-11162 (1994); Shors et 
al. , Neurosci., 186:153-156 (1995); Larson 
et al., J. Neurosci., 15:8023-8030 (1995); 
Grang er et al., Synapse, 22:332-337 (1996); 
Arai et al., JPET, 278: 627-638 (1996); 
Lynch et al., Internat. Clin. Psychopharm. 
11:13-19 (1996); and Lynch and Rogers, PCT 
Pubn. N WO 94/02475. Cyu^ecTByeT 
3HaMMTe/ibHoe KOJiMnecTBO AOKa3aTexibCTB, 

AeMOHCTpMpyiOLUMX TO, MTO LTP HBJlfltOTCfl 

ochoboA naMATM. HanpMMep, coeAUHeHM*, 
KOTopwe 6/ioKnpyioT LTP, HapyiuaioT 
o6pa30BaHne naMATu y >KMBOTHbix, m HeKOTopwe 
neicapcTBa, KOTopwe napyiuaioT o6yMeHne y 
ntOAeM, npenflTCTBytoT CTa6nriM3ai4MM LTP, o 
MeM coo6u;anM Cerro m Lynch, Neuroscience, 
49:1-6 (1992). 

B03MO)KHbl« npoTOTMn coeAMHeHMfl, KOTODOe 
ceneKTMBHo ycvuiMBaeT AMPA pei^enTop 6bin 
onMcaH Ito et al., J. Physiol., 424:533-543 
(1990). 3th aBTopu o6Hapy>Kvirjn, mto 
HooTponHoe neiopcTBO aHMpaqeTaM 
(N-aHM30Mn-2-nMpponnAMHOH) ycunMBaeT tokm, 
onocpeACTBOBaHHbje AMPA pei^enTopaMM 
M03ra, 3KcnpeccMpoBaHHbJMM b ooi^mtu 
Xenopus, He Hapywaa peaKi^MM, BbObiBaeMbix 
raMMa- aMMHOMacn«HOM kmctiotom (GABA), 

K3MHOBOM KMCJIOTOM (KA) MJ1M NMDA 

peqenropaMM. Bbino TatOKe noKa3aHo, mto 
MH4>y3Mfl aHMpaneTaMa b cpe3bi rvinnoKaMna 
noBbiiuaeT BeriMMMHy 6bicTpbix cnHanTMMecKMX 
noreHi^ManoB, He M3MeHfln cbomctb, 
HaxoAfliMHXCfl b noKoe MeM6paH. C Tex nop 
Obino nonyMeHO noATBep>KAeHvie toto, mto 
aHMpai^eTaM ycMJinBaeT cMHanTMMecKMe 
peaxUjMM b HeKOTopbix yHacTicax runnoKaMna n 
mto oh He OKasbiBaeT BnuflHHH Ha 
NMDA-peMenTopoM onocpeACTBoBaHHbie 
noTeHUManbi. Cm. HanpMMep, Staubii et al., 
Psychobiology, 18:377-381 (1990) m Xiao et 
al., Hippocampus, 1: 373-380 (1991). 

Bbino ooHapyaceHO, mto aHMpai^eTaM Cwctdo 
AeMCTByeT m 6wcTpo BbiBOAHTCfl m era mo>kho 

MCnOJlb30BaTb nOBTOpHO 6e3 BMAHMblX 

AnnTenbHux 3<}x})eKT0B, mto nanneTCfl BecbMa 
^euaTenbHbiM cboC^ctbom Anfl neKapcTB, 
censaHHbix c noBeAeHMeM. Oah3KO y 
aHMpai^eTaMa cymecTByeT HecKonbKO 
HeAOCTaTKOB. nepMc£epMMecKoe BBeAeHMe 
aHMpai^eTaMa, no-BMAHMOMy, He 0Ka3biBaeT 
BnMflHMfl Ha pei^enTopu M03ra. JleKapcTBO 
paooTaeT ToribKO npM bwcokmx KOHi^eHTpai^Mflx 
(npMMepHO 1,0 mM) m okojio 80% neKapCTBa 
npeBpau^aeTCfl b aHM30wn-GABA nocne 
nepMcJjepMMecKoro BBeAeHMfl MenoBeicy (Guenzi 
and Zanetti, J. Chromatogr., 530:397-406 
(1990). Bbino o6Hapy>KeHo, mto 3tot MeTaSonuT, 
aHM30M/vGABA, o6naAaeT MeHbiueM 
aKTMBHocTbK), He>KenM aHMpaueTaM, 

5 bin onkicaH K/iacc coeAMHeHM^, 
ycM/iMBajou^Mx AMPA pei^enTopw, KOTopbift He 
AeMOHCTpupoBa/i xapatcrepMCTMK HM3KOR 
3c}xt>eKTMBHoc™ m HecTa6M/ibHOCTM, npMcyiUMX 
aHMpat^eTaMy (Lynch and Rogers. PCT 
ny6nMKau>ifl WO 94/02475). 3tm coeAHHeHMfl, 
Ha3biBaeMbie "AMPAKINES"™, npeACTaanfliOT 

COCO^ 6eH3aMklAbl, KOTOpbie BKJlJOMaiOT, 
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HanpMMep, ,3-6eH30flHOKCon-5-vuiKap6oHnn) 
nunepMflMH. Ohm xMMMnecKM 6onee CTaoMflbHbi, 
He)Kejin aHwpaueTaM, m OT/innaioTcw 
noBbiiiieHHofi 6noAOCTynHocTb»o no ashhum 
SKcnepuMeHTOB, npoBeAeHHbix c noMombio 

n03HTpOHHOfi SMMCCMOHHOfl TOMOrpa(£MM (PET) 

(cm., HanpMMep, Staubli et aL, PNAS, 
91:11158-11162 (1994). 

Kax 6btno HeAaBHO oGHapy^eHO, APyoM" 
Knacc aMnaKviHOB, 6eH30Kca3MHbi, oonaAaeT 
OMeHb Bbic»K0M afCTHBHOCTbio b MOAennx in vilro 
\a in vivo Ann oilmen Be pohthoct m aoctvdkbhma 
y^yniueHMH no3HaBaiejibHbix cnocooHocTefi, KaK 
pacicpbiTo B PCT WO 97/36907 "5eH30Kca3MHbi 
Ann ycMJieHMfi cvmanTMHecKvix peaiqnfi" Rogers 
m Lynch. HeKOTopue, ho He see, H3 otmx 

COeAHHeHHfl AeMOHCTpupyWT aKTMBHOCTb B 

MOAennx Ha Kpwcax b oTHoiueHnn 6o/ie3HM 
Me/iOBeica - WM30(t)peHMM (Larson et al., Brain 
Res., 728:353-356 (1996). 

Bbuio oSHapyxeHo, mto HexoTopbie 
3aMeu^eHHbie 6eH3oc{)ypa3aHN m 

6eH30TnaAna3oribi 0Ka3biBaK)Tcn 3Han menbHO m 
Heo>KMAaHHO 6onee scjxfceKTMBHbiMM b MOAennx 
iun3c4ipeHMM Ha >KMBOTHbix, HewenM 
coeAHHeHMfl, o KOTopwx coo6majiocb paHee, m 
0Ka3bisaK)TCfl TaioKe oonee 3c}xt)eKTWBHbiMH b 
rinaHe ynynujeHMfl nosHaaaTenbHbix 
cnocooHocTefl. 3th coeAMHeHMfl paocpuTbi b 
HacToflmeM H3o6peTeHMM. 

KpaTKoe coAep>KaHMe H3o6peTeHMfl 
HacToainee M3o6peT6Hne BK/iKwaeT, b 
oahom M3 acneKTOB coeAHHeHHW, KOTopwe 
npeACTaaneHb! n onucaHbi b pa3Aene II 
nocneAyioinero noAPo6Horo onMcaHMR 3tm 
coeAMHeHUfl 3(J)4)eKTMBHO ycvuiUBaioT AMPA 
pei^enTopoM onocpeACTBOBaHHwe peaiquM m 
nosTOMy none3Hbi Ann pa3/innHbix neneft. Ohm 
BicnioMaioT o6nerNeHne M3yMeHHfl noBeAeHMfl, 
3aBMcnmero ot AMPA peu,enTopoB, nenaT 

COCTOflHMfl, npVI KOTOPblX nOHMWeHO KOJIMMeCTBO 

hjim 34xt>eKTMBHOCTb AMPA peu,enTopoB win 
CMHanooB, ncnorib3yioi4MX-3TM pei^eniopbi, m 

yCMHUBaiOT aKTMBHOCTb B036y>KAaiOmMX 

CMHancoB ah» BoccTaHoaneHMfl HapyiueHHoro 
oanaHca Me>KAy cybyHacTKaMM M03ra. B 
M3o6peTeHnn npeAno>KeH cnocoo" neneHMH 
MJieKonviTaioinMX, crpaAaiOLUMX ot 

runornyTaMaTeprnHecKoro coctohhmh mtim ot 
p,e(pwuyiTa KonnMecTBa mjim 3C{)ct)eKTMBHOCTH 
B036y>KAaioiijMX CMHancoB, mjim KonnMecTBa 
AMPA pei^enTopoB, TaKoro, npw kotopom 
HapyiuaeTcn naMATb mtim APyroe 
nosHaBaTenbHbie Q>yHKu,MM. Tawe cocTonHMn 
mop/t TaioKe 6biTb npMHMHOM 
KOpTMKo/cTpnapHoro Anc6anaHca, npMBOAnw,ero 

K UJM30Cf>peHMM MJ1M LUM30CfpeHUHeCKOMy 

noseAeHMK). 

B cootb6Tctbmm co cnococoM HacTonmero 
M3o6peT6Hktn nai^neHTa nenaT 3c$x$)eKTMBHbiM 
KonnnecTBOM coeAHHeHun, KaK pacicpbiTo b 
pa3Aene II noAPo6Horo onMcaHMn, a 
(feapMaijeBTMMecKM npneM/ieMOM HOcnTene. Kax 
npoAeMOHCTpMpOBaHo pjanee, gtm coeAMHeHMfl 
3HaMMTexibHO Donee 344>eKTViBHbi, Hexenn 
onucaHHbie paHee coeAHHeHna, b nnaHe 
ycMJieHMn (py\m\nu AMPA pei^enTopoB b cpe3ax 
mnnoxaMna Kpbic, b MOAenn oiM3o4)peHMM n 
AenpeccMM Ha >KviBOTHbix m b nnaHe noBbiujeHi/ifl 
xapaicrepMCTMK no3HaBaTe/ibHbix cnoco6HocTe«, 
TaKMX, KaK noBefleHne b na6npMHTe c 8 
paAMa/ibHUMM AODOHOCaMH. 

3tm m Apyrvie i^enn m ocooeHHOCTM 
M3o6peTeHMH cTaHyT oonee oMeBMAHbi nocne 
npoMTeHHH nocneAyJOiMero noApoGHoro 
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onucaHMH M3o6peTeHMH co ccbuiKaMM Ha 
npujiaraeiMwe sepTe)KM. 

Kpauoe onucaHMe nepTe)iceM 

<Pnr. 1 npeACTaBJiaeT cnoco6 nonyHeHkin 
npeAnoMTMTenbHoro coeAMHennfl M3o6peTeHHn; 

<Pnr. 2A-2D npeACTaannioT cnoco6bi 
nonyneHUfl TeTpai^MKnuMecKHX coeAMHeHuR, 
KOTopwe cocTaBXinioT oaho M3 BonnomeHMii 
HacTOflLi;ero M3o6peTeHnn; w 

<Pnr.3 npeACTaanneT otoop coeA^HeHMM, 
npwroAHbix Ann ncnonbSOBaHun b npaKTMKe 
cncccoa HacTonmero M3o6peTeHMn. 

noAPo6Hoe onucaHne M3o6peTeHn« 

I. OnpeAeneHMfl 

npMBOAMMbie HM)Ke TepMMHbl MMeiOT 

cneAy»oiM Me anaMeHMn, ecnw HeT Apyrvix 
yKa3aHMM. 

"AnKMJl" OTHOCHTCfl K nOJlHOCTbK) 

Hacbiu^eHHOMy oAHOBaneHTHOMy paAHKany, 
coAepwainewiy yrnepoA m boaodoa, KOTopufl 
MoxceT 6wTb LiHKnvmecKoK, pa3BeTBJieHHO« win 
Hepa3B6TB/ieHH0M t^enoMKoM. npHMepaMM 
ajiKuribHbix rpynn nBJiniOTcn wieTHJi, sthti, 
H-6yTnn, H-renrun, M3onponnn, 2-MeTnnnponnn, 
i^MKnonponim, i^MKnonponnriMeTnn p t^nKnoeyTn/i, 
L^mcnoneHTun, L^viKnoneHTunsTMn m 4HKnoreKcmi. 

"Apuri" OTHOCMTcn k saMei^eHHOMy mjim 
He3aMemeHH0My oAHOBaneHTHois/iy 
apoMaTMMecKOMy paAMKany, coAep>KaineMy 
OTAenbHoe Konbi^o (HanpMMep, 6eH3on) htih 

HeCKOJlbKO KO HA©H CM pO B3H H blX KOHe[\ 

(HanpMMep, Hac|)TM/i). flpyme npMMepw 
BKnioHaioT reTepoi^MicnMnecKMe apoMaTMMecKne 
KonbueBbie CMCTeMbi, coAep^KaiMne b Koribue 
oamh mum oonee araMOB a30Ta, KMcnopoAa m/im 
cepbi, TaKMe xaK MMMAa3on, c^ypMn, nMppon, 
nMpMAMJl M mhaoji. 

TepMMH "3C})C})eKTMBHOe KOJlMMeCTBO" 

OTHOCMTcn k KOJiMHecTBy BbiCpaHHoro 
coeAMHeHMn c}X3pMyjibi I, KOTopoe Heo6xoAMMO 
Ann ycM/ieHMfl rnyTaMaTeprMMecKoR 
CMHanTMsecKort peaKi^MM b pe3ynbTaTe ycMneHMfl 
AMPA peijenTopHOM aKTMBHOCTM. Heo6xoAMMoe 
TOMHoe KonMMecTBo 6yAeT MeHnTbcn b 

33BMCMMOCTM OT KOHKpeTHOTO Bbl6paHHOrO 

coeAMHeHMn, B03pacTa m Beca nai^MeHTa, 
cnocooa BBeAeHMn m t.a>, ho ero mo«ho nerxo 
onpeAenMTb c noMOu^bio o6biHHbtx 

SKCnepMMeHTOB. 

TepMMH H c|)apMaL\eBTMMecKM npMeM/ieMbt« 

HOCMTenb" OTHOCMTCJl K HOCMTeniO MJ1M 

sKCi^MnMeHTy, KOTopufl He nBnneTcn tokcmmhwm 
Ann naLjMeHTa, KOTopoMy ero bboa«t. 
OapMaL^eBTMHecKM npMeMJieMbie sKci^MnMeHTbi 
noApo6HO onMcaHbi T.W. Martin b "Remington's 
Pharmaceutical Science". 

II. CoeAMHeHMn, ycMjiMBaiomMe AMPA 
pei4enTop 

HacTonmee M3o6peieHMe b oahom M3 
acneKTOB HanpaBJieHo Ha coeAMHeHMn, 
o6naAaioi4Me cBOftcTBaMM ycM/iMBaTb AMPA 
peuenTop. 3tm coeAMHeHM« mm©ot CTpyiaypHyio 
c})opMyny I, npeACTaBneHHyK) Aanee 
o 
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rAe R 1 npeACTasnneT kmcjiodoa MnM cepy; 
R 2 m R 3 He3aBMCMMO Bw6MpaioT M3 rpynnbi, 



COCTOflLUeM M3 -N=, -CR- M -CX= 
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R 4 m R 8 HeaaBMCMMo npeflCTaan«JOT R usua 

BM6CT6 06pa3ytOT npOCTOM CBH3yK)imi« 

cfparMeHT, CBa3WBaK>mnfi M c BepuJMHofi 
Konbi^a 2*, npuMeM CBH3yioinnw cfcparNieHT 
Bw6upaioT us rpynnw. cocToamefl H3 npocTofl 
CBA3M, -CRR; -CR=CR'-, -C(O)-, -O-, -S(0)y-, 
-NR- n -N=; m 

R 5 h R 7 H©3aBMCMMo Bw6npaiOT H3 rpynnw, 

COCTOfltHefi K3 

-(CRR')n-, -0(0)-, -CR=CR'-, -CR=CX-, 
-CRX-, -CXX'-, -S- M -O-, M 

R 6 Bbi6npaioT M3 rpynnw, cocroHmetf H3 
-(CRR^m-, -C(O)-, -CR=CR'-, -CRX-, -CXX'-, 
-S- u -O-; 

rfle X n X 1 He3aBMCHMO Bw6wpaioT W3 -Br, 
-CI, -F, -CN, -N0 2l -OR, -SR, -NRR', -C(0)R-, 
-CO2R win -CONRR', w ABe rpynnbi R R' 
y oahoH win pasHbix X rpynn MoryT BMecTe 
o6pa30BbiBaTb kojibuo; 

R m R' HeaaBHCHMO Bbi6kipa)OT H3 (i) 
BOAopoAa, (ii) C1-C6 pa3BeTBJieHHoro win 
HepasBeTBneHHoro a/iKVUia, KOTopwfi mokbt 

6blTb He3aMeiMeHHblM HTM MOXCeT OWTb 

3aMei4eH oahoB mjim 6onee (JjyHiajMOHanbHofi 
rpynnofi, Bw6paHHoB H3 ranoreHa, HWTpo, 

aJlKOKCM, rMflpOKCM, aJlKHHTUO, aMUHO, KeTO, 

aribAerviAa, Kap6oHOBOtf kwcjiotw, cnoHCHoro 
3$npa xapooHOBoB khcjiotw mjim aMHAa 
KapSoHOBOvi KkicnoTbi, u r^e ABe TaKne 
axiKwnbHwe rpynnbi y OAHoro aTOMa yrnepoAa 
vim y coceAHHX aTOMOB ymepofla wioryT BMecTe 
o6pa30BbiBaTb Koribuo, h (iii) apwia, KOTopwCi 

M0>KeT OWTb He3aMeiHeHHblM W1H M0)KeT 6WTb 

3aMemeH oahoCi hjih 6one8 cfcyHiajMOHanbHofi 
rpynnoR, Bw6paHHofi H3 BOflopoAa. hhtdo, 
anKOKCn, rviApoKCki, apunoKCM, aniavmio, 
aMUHO, KeTO, a/ibAernfla, KapSoHOBOfi khcjiotw, 
cno)KHoro acfjupa icapooHOBOfl khcjiotw mjim 
aMHAa Kap6oHo8o^ khcjiotw; 

m M p He3aBHCMMO paBHbi 0 hjim 1; 

n n y He3aBMCMMo paBHbi 0, 1 nnn 2. 

npeflnoHTHTeribHbie rpynnbi coeAMHeHutf, 
oxsaTbiBaeMbix cfxDpMynoH I, BKmoMaiOT Te, b 

KOTOpblX p=0, Te, B KOTOpblX R 2 H 

R 3 npeACTaaiifliOT -CR= a M npeACTasnfleT = 
CR 4 , oco6eHHO Te, b KOTopbix R 4 npeACTaBrweT 
boaodoa, m t©, b KOTopbix R 4 npeACTaanaeT 
KMcnopoA. OcooeHHO npeAnoHTUTenbHOtf 
rpynnofi fiB/meTca Ta, b kotodoB cooniOAeHbi 
see yKa3aHHbie onpeAerieHna, m 6onee 
npeAnoMTMTenbHoR Ta, b kotodoR R 5 h 

a 



npeACTaanafoT 



-(CRR') 



6 



n~- 

TO eCTb 



npeACTaB/iweT -(CRR 1 ) m-i 
HeKOTopue npoM3BOAHbie 
5-Kap6oKcaM^Ao6eH3o4)ypa3aHa, ccflepttamiie 
pa3/iHMHoro pa3Mepa HacwineHHwe 
reTepoi^HKnuHecKne KonbLja, cBH3aHHwe c 
KapdoHnnbHofl rpynnofi. npeAnoMTMTenbHUMH 
cx)eAMHeHn«Mn 3ToR rpynnw flarmioTCfl Te, b 
KOTopbix R m R' Bbi6npaiOT us (i) BOAopoAa win 
(ii) axiKuna, khk yica3aHO Bbime. Han5onee 
npeAnoMTMTeribHbiM coeAMHeHneM stoR rpynnw 
flBJiaeTca 1 -(6eH3a}5y pa3aH-5-nnKap6oHnn) 
nunepnAMH, ooosHanaeMbifl 3Aecb iok 
coeAHHeHne 2. npeAnoHTMTenbHbiMM Taiwe 
flBJifleTC« cooTBeTCTByiou^ee coeAHHeHne, b 
kotodom R 1 npeACTaanfleT cepy, to ecrb 
1-(6eH3o-2,1 ,3-TviaAtia3o/v5-vinKap6oHvin)nkinep 
mahh, o6o3HaMaeMbiR 3Aecb ksk coeAHHeHMe 1 . 
Apyrwe npuMepu coeA^HeHuR, coAepKaiuwc 
KOJibi^a pas/MMHoro pa3Mepa (rAe n=1, a m 

DaBHO 0 MJ1M 2, COOT BeTCTBeH H O) , BWllOHaiOT 

1-(6eH3o0ypa3aH-5-vuiKap6oHnn) nuppoxiHAHH 
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(11) h 1-(6eH30ct)ypa3aH-5-njiKap6oHwn) 
reKcaMeTuneHUMMH (14). 

Btodo^ npeAnoMTMTenbHo^ rpynnoW 
coeAHHeHufi cfopMyjibi I aannioTCfl coeAMHeHUH, 
b KOTopbix p= 0, R 4 h R 8 06a npeACTaannioT 
BOAopoA. R 6 npeACTaanaeT -(CRR') m -, 
R 7 npeACTaanyieT -(CRRV. a R 5 npeACTaB^«eT 
-CR=CX- htim -CR=CR'-, to ecTb 
reTepoi^MKnuMecKoe KO/ibi^o coAepKMT ABoflHyio 
CB«3b. APyr^M npeAnoMTMTeribHbiM KnaccoM 
3T0& btodo« rpynnw ^B^fleTCfl Taraft, b kotopom 
m paBHo 0. OcooeHHO npeAnosTMTenbHbiMH 
npuMepaMM 3Toro Knacca flanfliOTCH 
coeAHHeHMfl, b KOTopbix R 1 npeACTaBnaeT 
KUcnopoA, n=1, n R m R' npeACTaanflJOT 

BOAODOA, T0 eCTb 

l^eeHsoiypasaH-S-nnKapeoHnn^l^.S.S-TeTpar 
MAPonnpnAHH, o6o3HaMaeMbiR 3Aecb Kax 
coeAMHeHne 3, m 

1-(6eH3o4)ypa3aH-5-njiKap6oHmi)-1,2,3,6-TeTpar 
HApo-4-4)Topnnpi^AHH, o6o3HaMaeMbiw 3Aecb ksk 
coeAMHeHne 6. ApyrviM npuMepoM coeAHHeHUR, 
coAep>KaiMero 5-H/ieHHoe Konbi^o (06a m m n 

paBHbi 0), flBXlfleTCH 

1-(6eH30(t>ypa3aH-5-nnKap6oHnn)nnpponnH (12). 

TpeTbn npeAnoHTMTenbHafl rpynna 
coeAMHeHMR cfx3pMy/ibi I BKnioMaeT coeAMHeHWfl, 
b KOTopbix p=0, R 1 n peACTa an weT kuc^odoa, 
R 4 m R 8 06a npeACTaa/iflioT boaopoa, R 5 m 
R 7 npeACTaBJiflioT -(CRR) n -, a 
R 6 npeACTaBiweT -C(O)-, -CRX-, CXX'-, -O- 
Miin -S-. flpyrviM npeAnoMTMTeribHbiM KnaccoM 
coeflUHeHMM 3TO« TpeTbeM rpynnw qanfliOTCfl Te, 
b kotopwx R 6 npeACTaanaeT -CRX- nnn -CXX-, 
rAe R M X Ka)KAwR Bbi6npaioT M3 rpynn, 
onpeAeneHHbix paHee, a n=1. RsyMn Hanoonee 
npeAnoHTMTeribHWMH npMMepaivin ototo Knacca 

flBJlfllOTCJl 

1-(6eH3o4)ypa3aH-5-nnKap6oHWiH'-uMaHonMne 
pMAHH (coeAnneHne 8) n 

1 -(6eH3CK})ypa3aH-5-iinKap6oHWiH'^TWOKCkinM 
nepnAHH (coeAHHeHne 9). npeAnoHTHTenbHWMn 
TaiOKe wanniOTCfl Te, b kotopwx X npeACTaBnaeT 
(prop, a R m R* npeACTaanwioT boaopoa, to 
ecTb, 

1-(6eH3c4)ypa3aH-5-nnKap6oHnn)-4-4)TopnMnep 
HAHH h l-feeHso^ypasaH-S-nnKapooHnnH', 
4 '-fxv\ cf>Top n m n epvi a^ h , ooo3HaMaeMwe SAecb KaK 
coeAMHeHMfl 4 n 5, cooTBeTCTBeHHO. Apyroe 
npMMepw BKnKxaioT cooTBeTCTByiomne 
4-MeTnnnnnepnAHH m 4-MeTOKC^nnnepnAMH 

npOH3BOAHbie (13 M 17, COOTBeTCTBeHHO). 

KorAa nio6o« H3 R 5 , R 6 m R 7 npeACTaanweT 
CXX', ABe rpynnw X n X' MoryT o6pa30BWBaTb 

KOJlbLJO C OAHUM M TeM We kmn CO CWie>KHWM 

aTOMOM yrnepoAa, iok yio3aHo Bwuue. 
npuMepoM MO)KeT cny)KViTb 

1-(6eH3o<t)ypa3aH-5-nnKap6oHH^)-1 ,4-AMOKca-8- 
a3acnnpo[4,5]AeKaH (15). 

Apyrviwi npeAnoHTHTe/ibHWM KnaccoM oto« 
TpeTbeM rpynnw coeAHHeHMH wanfiiOTCfl Te, b 
kotopwx n=1 , R m R' npeACTaanflioT boappoa, a 
R 6 npeACTaanneT KMcnopoA win cepy. 3tot 

K/iacc BKJlKMaeT MODCf)OriHHO- M 

TMOMopc}KjnMHoaMMAW GeHSOcJjypasaHa, to ecTb 
N-(6eH3o0ypa3aH-5-vinKap6c5HH/i)Mop0onnH (7) 
m 

N-(6eH3o4)ypa3aH-5-M/iKap6oHiiri)TvioMop4)OJikiH 
(10). B coeAHHeHHM 16, nonyMeHHOM M3 
4-nnpHA^HOHa, R 6 npeACTaanfleT -C(0>. 

HeTBepTotf npeATiOHTHTenbHoR rpynnofi 
coeAMHeHMfl (JxopMynw I fiannioTCfl Te, b 
kotopwx M npeACTaanaeT = CR 4 -, rAe R 4 m 
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R 8 BM6CT6 06pa3y»0T OflMH CBfl3yK)l4M& 

cJ)parMeHT. CBH3btBaK>meSi M c BepwMHoPi 
K0JibL\a 2*. 3tot CB^yiomuM o>parMeHT 
Bbi6npaK)T H3 rpynnbi, cocTOfltnefl H3 npocTofi 
CB513M, -CRR-, -CR=CR-, -C(O)-, -O-, -S-, 
-NR- n -N= npeAnoMTMTenbHbie coeAWHeHMfl 
3to8 seTBepTofi rpynnbi BKntOMaiOT Te. b kotopux 
p=0, Te, B KOTopbix R 1 npeACTaanfieT KMcnopoA, 
vi Te, B KOTopbix R 2 m R 3 npeACTaBXWiOT -CR= 
rae R uMeeT yKa3aHHbie Bbiiue 3HaneHMfl. 
Han6onee npeAncwTMTenbHbiMM coeAMHeHMHMM 
wannioTCfl Te, b KOTopbix sunonHHioTCfl Bee 
yi<a3aHHbie onpeAeneHMa; to ecTb HeKOTopue 
TeTpauMKnuHecKne 6eH3o$ypa3aHOBbie a mm aw. 
TaKne K3K Te, KOTopwe npeflCTaeneHW Ha cf)nr.2. 
npeAnoHTHTenbHan rpynna stux coeAMHeHMfi 
BKnioiaeT Te, b KOTopbix cBH3yK)unnCi cJjparMeHT 
Bbi6MpaK>T M3 -CRR'-, -O-, -S- m -N= 
npeAnoHTMTenbHo, R 5 m R 7 npeflCTaanfljOT 
-(CRROn-. a R 6 npeACTaBJiweT -(CRR") m -. 
Bonee npeAnoMTMTenbHO b stom cnyMae n=1 , a 
m=0 nnn 1 , mto npuBOAUT k 5-MneHHOMy nnn 
6-H/ieHHOMy reTepouwcnuMecKOMy Konbijy, 
coot BeTCTBeH ho , KaK caMoe npaBoe 

KOHAeHCMDOBaHHOe KOJlbl^O. H3 

npeAnoMTMTenbHbix csa3yioii4MX c£parMeHTOB 
ocooeHHO npeAnoMTMTenbHbi -CRR'-, KMcnopoA, 
cepa h -N=, KMcnopoA n mmmho (-N=), npuMeM 
HanConee npeAnoMTHTenen KMcnopoA. 
III. nonyMeHne ueneebix coeAMHeHMfl 
CoeAHHeHMfl HacTOHtnero M3o6peTeHH« 
mowho nonyHMTb pasnnMHbiMn cnocooaMM, 
BKmonafl o6biHHbie XMMMnecKMe MeTOAMKM 
cMHTesa. Cnoco6bi nonyneHUR coeAMHeHMfi 
HacTowiMero M3o6peTeHM* 3aKnioHaeTca b 
cnenyiomeM. 

CoeAHHeHMfl H300"peTeHMfl, b KOTopbix R 4 n 
R 8 He o6pa3yioT cB«3yjoi^ero cfcparMewa, 
o6biHHO nonyMafOT KaK npeACTaaneHo Ha 0nr.1, 
aKTMBkipyfl KapSoKcunbHyio rpynny 
cooTBeTCTByK)L4MM o6pa30M 3awiemeHHotf 
6eH30&HoR KMcnoTbJ uriM, b ApyroM BapnaHTe, 
hmkotmhoboA, nMpa3MHicap6oHoBoM\ 

nHpMAH3MHKap6oHOBOM MJ1M 

nUpHMHAUHKapSOHOBOVI KUCJlOTbl, c 

ncnoJib3oeaHneM Kap6oHMnAMMMMAa3onbHofl 
nnn Apyrofi aKTMBupywinekl rpynnbi, HanpMMep, 
THOHnnxnopMA, b 6e3B0AH0M pacTBopMTe/ie, 
TaKOM KaK A^xnopMeTaH, xnopocfropM, 
TeTparviApocpypaH win 3Tnnai^eTaT. 3aTeM 
i^nKfiM^ecKnR aMMH noABepraioT 

B33 M M OAeMCTBM K) C aKTMBMpOBaHHOft 

KapooKcunbHoK rpynnofl. LlmcnviHecKMR aMMH 
npeAnoMTMTenbHO BKniwaeT, b cooTBeTCTBMM c 
onMcaHHbiMM Bbiiue npeAnoMTMTenbHbiMM 
cTpyioypaMM, Heo6«3aTenbHO 3aMemeHHoe 
npoM3BOAHoe riMnepMAMHa. Konbijo MoxceT 
TaiOKe 6biTb HeHacbiu^eHHbiM nnn BKmonaTb 
aTOMbi KMcnopOAa wim cepbi, npMneM 
paccMaTpMBaioTcs TaiOKe conee KpynHbie mjim 
MeHee KpynHbie pasMepbi KoneL\. KoMMepnecxM 
AOCTyneH conbiuo& Bbi6op TaKMx aMMHOB; b 
ApyroM sapMaHTe mx mojkho nonyMMTb, 
Mcnonb3yfl M3BecTHbie cnoco6bi cMHTe3a . 

B npMMepax 1-20 onMCHBaeTCfl nonyneHMe 
npeACTaBMTe/ibHbix coeAMHeHMM HacTOfliMero 
M3o6peTeHMfl, ooo3HaMaeMbix 3Aecb KaK 

COeAMHeHMJ? 1-18, B COOTBeTCTBMM c 

onMcaHHbiMM Bbiiue cnocooaMM. 

CoeAMHeHMfl HacTOflinero M3o6peTeHMfl, b 

KOTOpblX R 4 M R 8 06pa3yK)T CBfl3yKDlMM« 
0parMeHT, MO)KHO nO/iyMMTb B COOTBeTCTBMM CO 

cnocooaMM, npeACTaBneHHbiMM wa 4)Mr.2A-2D. 
Xotr b MnntocTpaTMBHboc cnocooax 
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nonyneHMA Mcnonb30BaHbi 6eH30c|)ypa3aHOBbie 
HAPa, aHajiorMHHbie cnocoCbi mo>kho 
Mcnonb30BaTb Ana nony4eHM« m ApyrMX 
coeAHHeHMfi M3o6peTeHMJi, HanpMMep, 
cooTBeTCTByioiUMX 6eH30TnaAna3onoB m ApyrMX 
a30TC0Aep>Kau4MX reTepoapoMaTMHecKMX 

CMCTeM. 

KaK npeACTaaneHo Ha o>Mr.2A, nocne 
aKTMBa4MM KapcoKcunbHOM rpynnbi 

cooTBeTCTByioiMMM o6pa30M 3aMeiAeHHO« 
CanMlAMJlOBOK KMCnOTbl Kap6oHMJiAMMMMAa3onoM 
b 6e3BOAHOM pacTBopMTene, TaKOM KaK 
AMxnopMeTaH, xnopo4)opM, TeTparMAPOctypaH, 
3TMnai^eTaT mjim t. n., cneAyeT npMcoeAMHeHMe 
noAXOAfliM ero aMMHoajiKunai^eTanfl. 
nonyHeHHbiR aMMAaneTanb noABeprawT 

B3aMMOAe«CTBMK) C CMJIbHOM KMCJlOTOfi, TaKOM 

KaK a/iKMn- mjim apMncyribo>oHOBan KMcnoTa, mhm 

C TpM0>TOpyKCyCH0M KMCJlOTOfl B HM3KOOCHOBHOM 

pacTBopMTene, TaKOM KaK AMxnopMeTaH, A"« 
ocymecTB/ieHMJi oTii^enneHMfl aneTarm m 
l^MKnM3aUMM B TeTpaL^MK/lMHeCKM^ 3aMeineHHbifl 
6eH30Kca3MH, KaK npeACTaaneHo, b kotodom 
CBH3yioiMM« c^parMeHT, o6pa30BaHHuft R 4 m 



npeACTaanaeT KMcnopoA- 



B 



anbTepHaTMBHOM cnocooe nonyneHMH, 
npeACTaaneHHOM Ha ^r. 2B, aKTMBMDOBaHHbifi 
canMnnnaT pearMpyeT c i^MKnMHecKMM mmmhom, 
t3kmm KaK 1-nMpponMH MnM 

2 ,3,4, 5-TeTparMAponMDMAHH . 

Ha cfwr. 2C npeACTaBneHa peaKi^Mn 
noAXOAfliAUM o6pa30M 3aMemeHHoro 
aHTpaHMnaTHoro cno>KHoro 30>Mpa c 

l^MKHMMeCKMM ranOMMMHOM. T3KMM KaK 2-XnOp- 

unM 2-€poMMMMAaT, ao nonyseHMfl 
TeTpai^MioiMMecKoro coeAMHeHM«, b kotodom 
CBflsyjomMM c{)parMeHTOM, o6pa30BaHHbiM R 4 m 
R 8 , flBnaeTCH MMMHorpynna. 3Ty rpynny mo)kho 
3aTeM BoccTaHOBMTb, HanpMMep, 

KaTanMTMnecKMM TMApupoBaHMeM, nonynafl 
a mmhocb 5i3yio mMM 4)parMeHT. 

Ha cjwr. 2D npeACTaBneHa peaKi^Mfl 
noAXOAfltMMM o6pa30M 3aMei^eHHoro 
roMOcf)TaneBoro aHTMAPMAa c i^MKnMMecKMM 

MMMHOM, T3KMM KaK 1-nMpponMH MnM 

2,3,4,5-TeTparMAponMpMAMH, c nocneAyioiAMM 
AeKap6oKCMnMDOBaHMeM c nonyneHMeM 
TeTpaUMioiMHecKoro coeAMHeHMn, b kotopom 
CBflSyiOLL^MMM c^parMeHTaMM, 
o6pa30B3HHblMM R4 M r8 p^^^TCfl _CH T 

MnM -CRR- rpynnbi (cm., HanpMMep, Cushman et 
al., J. Org. Chem. , 45:5067-5073 (1980) m 
Smith et al., J. Heterocyclic Chem., 
28:1813-1815 (1991)). 
IV Cnocoo" neneHMfl 

B cooTBeTCTBMM co cneAyiou^MM acneKTOM 
HacTonu^ero MsoCpeTeHMfl KOMno3Mi^MM 
HacToamero M3o6peTeHMfl mo>kho Mcnonb30BaTb 
Ann neneHMfl iuM30c})peHMM MnM 
ujM300>peHMMecKoro noBeAeHMfl y 
MneKonMTaioiAMX, MnM aha neMeHMfl HapyweHMfl 
naMATM MnM APy^x no3HaBaTenbHbix (fcyHKLjMfl. 
TaKMe 6one3HM «BnflK)TC« cMMnTOMaMM 
rMnornyTaMaTeprMHecKoro coctoahmr unM 
HeAocTaTOHHoro KonMMecTBa unM 

3({)0>eKTMBHOCTM B036y5KAaK)l4MX CMHanCOB, MnM 

KonMMecTBa AMP A peL^enTopoB. TaK iok 
neneHMe cy6"beKTa KOMnosMi^MAMM HacroHiMero 

M306peTeHMfl nOBblUJaeT aKTMBHOCTb AMPA 

pei^enTOpoB, Tarae neneHMe mo>kho 
Mcnonb30BaTb o6nerMeHMfl BbipacoTKM 
HaBbiKOB noBeAeHMR, saBMcauneM ot AMPA 
penenTOpOB. Cnoco6 neneHMfl BicnioMaeT 
BBeAeHMe cy6-beKTy b o^apMai^eBTMsecKM 
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npneMJieMOM Hocmene a^eicrnBHoro 
KonnnecTBa coeAMHeHMH cfeopMynu 
o 

o 

_2 II 

/V 

;* „*> 

R R R 

rae R 1 npeACTaanaeT KMcnopoA nnn cepy; 

R 2 m R 3 HesaBMCMMO Bw6npaK>T M3 rpynnu, 
cocTOHine& M3 -N= -CR= m -CX=; 

M npeACTaBJineT =N- nnn =CR 4 -, rfle 
R 4 n R 8 He3aBHCMM0 npeflCTaBTiHioT R mjim 
BwiecTe o6pa3y»OT oamh cB^y\ou\m cfcparMeHT, 
CBflsbiBajomeM" M c BepiiJHHofl Konbqa 2\ npuneM 
CBH3yioinn& (JjparMeHT Bbi6npaiOT M3 rpynnbi, 
cocTOHinevi m npocTOM cbh3M, -CRR-, 
-CR=CR'-, -C (O)-, -O, -SfOJy-, -NR- m -N=; m 

R 5 n R 7 He3aBMCMMO Bbi6npa»OT M3 rpynnbi, 
cocTOfliMefi us -(CRR*) n -. -C(O)-, -CR=CR'-, 
-CR=CX-, -CRX-, -CXX'-, -S- m -0-; m 

R 6 Bbi6npaK)T M3 rpynnbi, cocTOHiuefi M3 
-(CRR')m-. -C(Oy, -CR=CR'-, -CRX-, -CXX-, 
-S- m -O-; 

rAe X vi X* He3aBMCMMO Bbi6npaiOT M3 -Br, 
-CI, -F, -CN, -N0 2 . -OR, -SR, -NRR', -C(0)R-, 
-C0 2 R hjih -CONRR', rAe ppe R m R' rpynnbi y 
oahom" mjim pa3Hbix X rpynn MoryT, B3HTbie 
BMecTe, o6pa30BbiBaTb Ko/ibup; 

R M R' He3aBHCHMO Bbl6MpaiOT M3 (i) 

BOAOpoAa, (ii) Cj-Ce pasBeT&neH Horo nnn 
Hepa3B6TBneHHoro ankuna, KOTopufi MoweT 
6biTb He3aMeineHHbiM win MoaceT 6biTb 
3aMeu4eH oAHotf nnn 6onee H3 <J>yHKu,MOHanbHbix 
rpynn, BbiSpaHHbix us ranoreHa, HMTpo, 
anKOKcn, rviApoKCH, anKvuiTno. aMMHO, Kero, 
ajibAerviAa, xap6oHOBoii kmcjiotw, cno>KHoro 
scjwpa KapcoHOBofi KucnoTbi nnn awiMAa 
KapooHOBofi KucnoTbi, h rAe Ase TaKne 
anKuribHwe rpynnu y oahoto aTOMa ymepofla 
hjih y coceAHnx aTOMOB ymepoAa MoryT BMecTe 
o6pa30BbiBaTb Konbup, m (iii) apuna, KOTopwfi 
Mo>KeT 6biTb He3aMemeHHbiM nnn moxst GbiTb 
3aMeiMeH oahoA hjim 6onee m 4>yHKu>ioHanbHbix 
rpynn, Bbi6paHHbix M3 BOAopoAa, HMTpo, 

aUKOKCH, rWApOKCM, apM/lOKCM, aflKMJlTMO, 

aMMHO, Kero, anbAerMAa, Kap6oHOBofi KMcnoTbi, 
cno>KHoro scjwpa KapooHOBofl KMcnoTbi mjim 
aMMfla KapGoHOBoft KMcnoTbi; 

m M p He3aBMCMMO paBHbl 0 MJIM 1 ; 

n m y He3aBMCMMo paBHbl 0, 1 m\A 2. 

I/I 3 COeA^HeHMM, BBOAMMblX B COOTB eTCTBM M C 

yKa3aHHbiM cnoco6oM, npeAnoHTMTe/ibHbie 
rpynnbi BKntonaiOT Te, KOTopwe onMcaHbi b 
pasAene II Bbiuje. OcooeHHo npeAnosTMTenbHbi 
coeAMHeHMfl, ooo3HaMeHHbie KaK coeAMHeHMn 
1-9, npMHGM HaMOonee npeAnoMTMTe/ibHbi 
coe^MHeHMH 2, 7, 8 m 9. 

KaK 6bino ooHapyweHO, coeAMHeHMn, 

BBOAMMbie B COOTBeTCTBMM CO CriOCOCOM 

HacTOflunero M3o6peTeHMfl, 6onee acJxfceKTMBHbi, 
He)KenM onMcaHHbie paHee coeflMHeHM«, b nnawe 
noBwiueHMfl aicrMBHocTM AM PA peuenTopoB, hto 
noica3aHO b In vitro m in vivo TecTax, 
onMCbiBaeMbix Aanee. 

V. BMonorMMecKafl aioMBHocTb 

A. ycMJieHMe AM PA peuenTopHort 0vhkumm 

CMHanTMMecKMe peaKunn, 
onocpeAPTBOBaHHbie AMPA peL^enTopaMM, 
yCMTIMBaiOTCfl B COOTBeTCTBMM co cnocoooM 

HacTOflii^ero M3o6peTeHMfl, c Mcnon b30 &a h Me m 
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onMcaHHbix 3Aecb coeAMHSHMR. 3tm 
coeAMHeHM^. KaK npoAeMOHCTpMpoBaHO b 
nocneAyioiMMX npMMepax, oicasbiBaioTCfl ropa3AO 
oonee scfxfjeicrMBHbiMM, Hexe/iM onMcaHHbie 
paHee coeAMHeHMS, b nnaHe ycMneHMn AMPA 
pei^enTopHOM (J>yHKu,MM b cpe3ax ninnoKaMna 
Kpwc 3tot in vitro aHanM3 onMcaH Aanee m b 
npMMepe 21 no3AHee. 

Rone EPSP (eo36y>KAaK)iHMK 

nocTCMHanTMMecKMfl noTeHUMan), 
3anMCbiaaeMbiK b none CA1 nocxie CTMiwynjiUMM 
CA3 aKCOKOB, KaK MSBecTHO, onocpeAOBaH 
AMPA pei^enTopaMM, KOTopue n pMcy TCTBy iot b 
cMHancax (Kessler et al, Brain Res., 560: 
337-341 (1991)). JleKapcTBa, KOTopue 
ceneKTMBHO 6noKMpyioT stot pei^enTop, 
ceneKTMBHo 6noKMpyioT none EPSP (Muller et 
al., Science, cm. paHee). AHMpai^eTaM, 
KOTopwR, KaK 6buio noica3aHO, noBbiiuaeT 
cpeAHee BpeMfl otkpwtmh KaHana AMPA 
peuenTopoB, nosbiiuaeT aMruiMTyAy 
cm HanTMH ecKoro TOKa m npoxiOHrMpyeT ero 
AnMTeribHOCTb (Tang et al., Science, cm. 
paHee). 3tm 30>ct)eKTbi oTpawcawTCfl Ha none 
EPSP (HanpMMep, Staubli et al., 
Psychobiology, paHee; Xiao et al., 
Hippocampus, paHee; Staubli et al., 
Hippocampus, 2:4958 (1992)). AHanorMHHbie 
pe3ynbTaTW cooou^anMCb An« paHee oTKpbiTbix 
CTa6nnbHbix 6eH3aMMAHbix aHanoroB 
aHMpaueTaMa (Lynch and Rogers, PCT WO 
94/02475). 

Ana nonyneHMfl AaHHbix, npeACTaBneHHbix b 
Ta6nML4e, 6MnonflpHbiW HMxpoMOBbiW 
cTMMynMpyiou^MM sneKTpoA noMeiAaioT b 
AeHApMTHbiM cnoM (stratum radiatum) 
TMnnoKaMnanbHoro cyGnonn CA1 B6nM3M 
rpaHMUbi cyGnonw CA3, KaK onMcano b npMMepe 
21. HMnynbc TOKa (0.1 mkcbk) nepes 
CTMMynMpyioiMM^ sneiapoA aKTMBMpyeT 
nonyn«i^MK) Schaffer-coeAMHMTenbHbix BonoKOH 

(SC), KOTOpbie BblXOA«T M3 HeRpOHOB B 

cy6pa3Aene CA3 m oicaH4MBaK)TCfl b CMHancax 

Ha A^HAPMTaX CA1 HeRpOHOB. AKTMBaL^fl 3TMX 

CMHancoB sacTaBnaeT mx BbiAenwTb 
TpaHCMMTTepHW^ myTaMaT. TnyTaMaT 
CB«3biBaeTC« c nocTCM HanTMH ecKM mm AMPA 
peuenTOpaMM, KOTopwe 3aTeM KpaTKOBpeMeHHO 
OTKpwBaioT cBA3aHHbie c hmmm MOHHbie KaHanu 

M AaK)T B03MO)KHOCTb TOKy HaTpMfl npOHMK3Tb B 

nocTCMHanTMHecKyio KneTKy. 3tot tok npMBOAMT 

K C03A3HMKD Hanp«)KeHMfl BO BHeKneTOH HOM 

npocTpaHCTBe (none EPSP), KOTopoe 
3anMCbiBaeTCH perMCTpMpyiou^MM aneiapoAOM c 
BbicoKMM conpoTMBneHMeM, pacnono^ceHHbiM b 
cepeAMHe stratum radiatum CA1 . 

HHTeHCMBHOCTb cTMMynMpyiou^ero TOKa 
ycTaHaanMBawT TaKofl, mto6u nonyMMTb 
nonoBMHy MaKCMManbHbix 3HaMeHMM EPSP 
(o6biHHO oKono 1,5-2,0 MBonbT). napHbie 
CTMMynMpyiou4Me MMnynbcw noAaioT KcUKAbie 40 
ceK c MeJKMMnynbCHbiMM MHTepBanaMM 200 
MKceK, KaK onMcaHo Aanee b npMMepe 21. 

Cpe3bi rMnnoKaMna noAAepJKMBafOT b 
perMCTpMpyiomefl KaMepe, b KOTopyio 
HenpepuBHO noAa»OT MCKyccTBeHHyio 

CnMHHOMO3T0ByiO )KMAKOCTb (ACSF). B TeneHMe 
15-30 MMHyTHtJX MHTepaanoB nep4>y3MOHHyio 
cpeAy 3aMeHfliOT Ha cpeAy. coAepacamyio 
pasnMMHbie KOHueHTpai^MM TecTMpyeMbix 
coeAMHeHMM. PeaKUjMM, 3aperMCTpMDOBaHHbie 
HenocpeACTBeHHO ao MnM b KOHi^e nep4>y3MM 
neicapcTBa, HanaraioT Ana pacneTa npoi4eHTa 
yBenMMeHMfl EPSP aMnnMTyAbi. 

CoeAMHeHMH M3o6peTeHMfl 1-9, iok 
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npeACTaoneHO Ha <t>nr.3 m b Ta6rmne Aanee, a 
TaiOKe cpaBHMTenbHoe coeflUHeHne CX516 
(1-(XMHOKcannH-6-wiKap6oHWi)nnnepnAHH), 
pacKpwTbiw B PCT WO 94/02475, aHaJiH3npyK>T 
b onucaHHoPi Bbiiue (tu43nonornMecKotf TecroBofi 
CMCTeMe. Pe3ynbTaTbi b nepsofl KonoHKe 
jaQmup AeMOHCTpupyiOT oijeHKy koh ijeH t pa 14MM 
Ka>KAoro M3 TecTupyewibix coeAHHeHnR, KOTopaa 
noHaflo6MJiacb 6w Ana noBbitueHHfl aMrmmyAbi 
nona EPSP ao BennnnHbi, Ha 10% 
npeBbiiuaiOLnetf 6a30Boe 3Ha4eHne. 

o 

II 



KaK cBMAeTexibCTByioT pesynbraTbj Ta6niinu 
coeAMHeHHfl HacTOfliuero n3o6peTeHMH 
ocymecTB/iHiOT A03o-3aBncnMoe noBbioieHne 
aMnnnTyAW EPSP n OKa3bJBatoTCfl 

SCfcCpeKTHBHblMH B KOHL^eHTpai^MflX CTOJlb HM3KHX, 
KaK 3 MKM. BOJlbWHHCTBO TeCTMpOBaHHUX 

coeAHHeHnW OKa3anncb OAHHaraBO min oonee 
3c}x})eKTHBHUMH, BnxiOTb ao MHOwwTejifl 50 no 
cpaBHeHMto co cpaBHHTeiibHbiM coeAHHeHneM 
CX516, B noBbiiueHMM AMPA peLjenTopHOfi 
cJ)yHKqnM. CoeAHHeHMfl 2, 4 m 6-9 oxasanncb 

OCo6eHHO StfxfceKTKBHblMH. 

HccneAOBaHMfl, b Kcropbix cpaBHMBann 
3cJx})eKTbi AMPA MOAyJi«TopoB Ha 
MOHOcuHanTMMecKne (KaK 3Aecb coo6inanocb) h 
norwcMHanTWMecKue peaKUMH, 
npoAeMOHCTpupoBajin, hto 10% nosbiujeHne 
aMnnmyAbi MOHOCKHanTMHecKoro norm EPSP 
ycmiHBaeT Ha 300% TpKCHHarnvmecKwe peaKi^H 
(Strvio et al.. Neuroscience, 74: 1025-1035 
(1996)). KpoMe tofo, KaK 6bino noKa3aHO, 

KOHL^eHTpaL^Hfl MOAy/lHTOpa, KOTOpblfi Bbl3bJBaeT 

3th peaiqun, cymecTByeT b nna3Me, 
no/iyMeHHoH ot noBeAeHMecKM 

cooTBeTCTByioiAMX A03 (Graner et al., Synapse, 
paHee). TaK, 10% noBWiueHMe aMruiHTyAbi 
MOHOCHHanTunecKoro nona EPSP, KaK bhaho H3 
Ta6nm^bi, no-BHAHMOMy npeACTas/ifleT 
noBeAeHsecKM cooTBeTCTByKounne KOHi4eHTpannn 
nna3Mbi. 

B. noBeAeHMecKMfi recj 

CoeAMHeHMfl HacTOflinero M3o6peTeHne 

3Cj)Cf)eKTMBHbl TaiOKe npM HCflblTaHMH Ha MOAe/lflX 

>KMBOTHbix cooTBeTCTBytoii^vix 3a6oneBaHnfi, 
TaKMx KaK Lun30cf)peHMfl m AenpeccMfl, m b 
ncnbiTaHMflx Ha MOAenax xapaicrepucTHK 
no3HaBaTenbHbix cnoco6*HOCTefi, TaKva iok 
xapaKTepucTMKM b na6wpnHTe c 8 paAnajibHbiMn 
AopcuwcaMM. 

Pe3yribTaTbi bo btodoB KonoHKe Ta6nni^bi 

AeMOHCTpMpyiOT MMHUMa/lbHyiO 3Cj)C})eKTMBHyiO 

A03y (M3fl= MED 9 ) pnn aKTHBHOCTM b MOAenn 
Kpbic c kicno/ib30BaHkteM M6TaMcJ)eTaMUHa, 
KOTopuR, KaK ao Ka 3a ho, nprnueHMM Ann oueHKM 
3ct)cf)eKTViBH0CTM HeRponenmHecKHX neKapCTB 
ATifl nsMeHMH iun30C})peHMvi (Larson et al.. Brain 
Res., paHee). 3anucaHbi A03bi, KOTopwe 
cHUKaioT mnepaKTMBHocTb n/wnn 

CTepeoTMnnnecKyK) aKTWBHocTb, 
nHAyUMpoBaHHyio ocTpuM BBeAeHneM 2 mf/kt 
MeTaMc})eTaMHHa KpbicaM, xaK onucaHO b 
npMMepe 22. 

Bee TecTMpoBaHHwe coeAMHeHMfl OKasanncb 
3H3M men bHO oonee scfx^eKTtiBHbiMH, Hexem 
cpaBHurenbHoe coeAMHeHne, KaK npeACTaaneHO 
b Taonuije, b tom, mto o6ecneHnnn 10-KpaTHoe 
win oonee CHHKeHwe A03W, Bbi3biBaioinea 
SKBMBaneHTHbi^ stJxfceKT. CoeAMHeHne 2 
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0Ka3anocb paBHo 3cfe4>eKTViBHbiM npn A°3e b 100 
pa3 weHbwetf. 

Pe3ynbTaTbi b TpeTbeW KonoHKe 
AeMOHCTpupyioT M3fl An« 34>4)eKTMBHOcTM no 
y/ryHweHwo xapaKTepucTMK b 3aA^ l ^e c 
na6npviHT0M c 8 paAnanbHWMM AopoMOcaMM, b 
kotodom TecTupyioT ynyMiueHne naMATti w 
no3HaBaTe/ibHbix cnoco6HOCTevi (MEAc)- 978 
saAaMa 6bina onMcaHa paHee (Staubli et al., 
PNAS, 91:777-781 (1994) m Lynch and Rogers, 
PCT WO 94/02475). I/I chobs, see TecTupyeMbie 
coeAHHeHHfl (2 n 7-9) OKa3ajincb b 3T0M TecTe 

B HeCKOJlbKO pa3 OOXiee 3C|xt)eKTHBHbIMM He)Kenn 

CX516. 

B ^eTBepToR KonoHKe b Ta6nni^e 
npeACTaaneHbi MEfl, KOTopwe BN3biBa»oT 
cTaTHCTMMecKM 3Ha^kiMbie ynyMtueHMfl b 
noBeABHun b MOAerw Aenpeccnn Ha xcuBOTHbix 
(ME/4„), KaK onwcaHo Malatynska and 
Kostowski, Pol. J. Pharmacol., 40, 357-364 
(1984). 

CoeAWHeHMH 2 m 9 6binn npoTecTuposaHbi h 
cHOBa OKa3anncb bonee scJxfceKTMBHbiMM 
(npniviepHO b 500 pa3) no cpaBHeHHio co 
cpaBHMTenbHbiM coeAHHeHMeM. 

VI. Cnoco6bJ BBeAeHMn, A03bi m KOMno3nunn 

KaK yKa3ano Bbiiue, coeAHHeHnw n cnoco6 
M3o6peTeHHfl noByiuaioT AMPA pei^enTOpOM 
onocpeAOBaHHbie peaKi^nn n wioryT 6biTb 
ncnonb30BaHbi Anfl neMeHna 
runomyTaMaTeprnMecKMX coctohhu&. Hx mo^kho 
TaiOKe ncnonb30BaTb Ana neMeHMH TaKvix 
cocTOflHuK, KaK HapyweHHH naM^TM uriM Apyrwx 
no3HaBaTenbHbix (pyuKuyiu, Bbi3BaHHbix 
Aec|)HL^nTOM KonMHecTBa nnn 3(Jxt)eKTHBHOC™ 
B036y>KAa»oi4MX cnHancoB, hjim KonnnecTBa 
AMPA peijenTopoB. Hx mokho TaiOKe 
ncnoJib30BaTb ah« neneHM« iun30C}>peHMM mtim 
ujn30(J)peHMHecKoro noBeAeHMfl, BOSHMKaiou^ero 
H3-3a KopTMKanbHO/cTpnaribHoro AncoanaHca, m 
An« o6nerMeHMfl M3yMeHHfl noBeAeHMfl, 
3aBMCfliMero ot AMPA peuenTopoB. 

06bNHO A03bi n cnoco6bi BBeASHna 
coeAHHeHuR onpeAenflK)T b cooTBeTCTBMH c 
BecoM n cocTORHneM namieHTa, b cooTBeTCTBun 
CO CTaHA3PTHOV1 0apMaL\eBTHHecKoCi npaKTMKoR. 
ypoBHH ncnonb3yeMbix AQ3 MoryT ujmpoko 
MeHBTbcsi m nx Mo>KeT nerKo onpeAexiHTb 
cnei^nanMCT. OCwmho ncnorib3yioT KonnMecTBa 
ot MunnnrpaMwia BnnoTb ao rpaMMa. 
KoMnosmjwo mojkho BBOAHTb naL^neHTy 
paankiMHbiMM cnoco6aMn, HanpuMep, 
nepopaiibHO, TpaHCAepManbHO, nepuHeBpanbHO 
win napeHTeparibHO, T.e. c noMOi4bK) 

BHyTpMBeHHblX, nOAKOJKHblX, BHyTpn6piOlUHHHblX 

nnn BHyrpnMbiujenHbix MKbeKijnfl. Cy6-beKTbi, 

KOTOpblX MOKHO fieMMTb B COOTBeTCTBMM CO 

cnocoooM HacTOHiuiero MaoepeTeHMfl, BicnioHaioT 
niOAeH, AOiwaiuHnx ^bothux, JiaoopaTOpHbix 

>KHBOTHblX nu 

KoMno3kiUkiki, coAep>KaLi^kte coeAMHeHtifl 
HacTOflU^ero M3o5peTeHMfl, MoryT MMeTb cpopMy 
TBepAbix, nonyTBepAtJX, nnoc})M/iM3npoBaHHbix 
nopoaiKOB nnn >kmakmx neKapcTBeHHbix 0opM, 
Hanpnwiep TaKnx KaK Ta6neTKM, Kancynw, 
nopoiuKM, KOMnosmjHn c 3aMeAneHHbiM 
BbiAeneHMeM, pacTBopw, cycneH3HM, sMy/ibcnn, 
cynno3HTopnn, KpeMbi, Ma3n, nocbOHbi, 
a3po3onn nnn T.n., npeAnoMTMTexibHO b 
BAnHMHHbix neKapcTBeHHbix 4x3pMax, 
noAXOAfliMMx Anfl npocroro BBeAeHMfl tomhoR 

A03W. 

KoMno3H4kin oCumho BKnicwaioT 
TpaAni^MOHHwR 4>apMaueBTMHecKMvi HocmeJib 
win 3Kci^nnneHT n MoryT Aono/iHHTe/ibHO 
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BKfiKwaTb Apyroe MeAHu,nHCKVie areHTbi, 
HOCMTe/in, aflbiOBaHTbi vi T.n. npeAnoMTMTe/ibHO. 
mo6bi KOMno3Hu.ua coflep)Kana ot okojio 0,5 ao 
75% no eecy coeAHHeHwn win coeflHHeHwii 
n3o6peTeHMfl, npHMeM ocTanbnoe cocTaBJiflKrr 
c^apMaueBTHHecKue 3KCU>inneHTbJ. Ann 
nepopanbHoro BBeAeHHn rawie 3KCL\nnneHTbi 
BKniOMaioT 4>apMai^eBTHMecKOM cTeneHM mhctotw 
MaHHm, naKT03y, KpaxMan, cTeapaT wamnfl, 
HaTpn^caxapnH, TanbK, tjejuiiojiosy, miOK03y, 
KenaTMH, caxapo3y, Kap6oHaT Mamnfl n T.n. 
npn >KejiaHMM KOMno3Hu,nn MoweT Taiwe 
coAep^Tb Heoo/ibiune KOJiHHecTBa 
HeTOKCMMHbix BcnoMoraTenbHbix BemecTB, Taicvix 
KaK cMaMHBaiotnne areHTbi, SMynbrnpyioinne 
areHTbi wnn 6yc£epb!. 

>KnAKMe KOMno3vmMU mo>kho npnroTOBUTb, 
pacTBopnn nnn AHcneprwpyn coeAHHeHHn (ot 
okojio 0,5% ao okojio 20%) n HeoonsaTeJibHO 
cfcapMaijeBTHHecKMe aAbioBaHTbi b Hoci/rrejie, 
T3K0M KaK, HanpuMep, BOAHblfl 
<4)H3MonornMecKvifl pacTBOp, BOAHan AexcTpo3a, 
mni^epMH nnw sTaHOJi, ao o6pa30BaHwn 
pacTBopa win cycneHsnn. Ann ncnojib30BaHnn b 
npenapaTax Ann nepopanbHoro BBeAeHHn 

KOMnOSHU.HK) MO>KHO npMrOTOBMTb B BHA8 

pacTBopa, cycneH3nn, aMynbcnn mia cnpona, 
nocTaBJifleMbix nn6o b cJwpMe >kmakoctm, nnoo b 
cyxoM BMAe, npnroAHOM Ann pacTBope Hun b 
BOAe hjw HopMajibHOM <£M3HojiorviHecKOM 
pacTBope. 

Ecnn KOMno3Mi^nio ncnojib3yK)T b c£opMe 
TBepAbix npenapaTOB An* nepopanbHoro 
BBeA©HHfl ( 3tm npenapaTW MoryT 6biTb 
Ta6neTKaMki, rpaHynaMn, nopouiKaMH, 
KancynaMM win t. n. flna K0Mno3wu,UM b cfcopMe 
Ta6neTOK KOMno3nu.uK) o6wmho npnroTaanviBaioT 
c Ao6aB«aMM, Hanpniviep 3KCtiMnneHTaMM, 
TaKMMn KaK caxapuA hjim ueruiK)Ji03a, t3khmm 
CB!R3yiOLi^MMM t KaK KpaxMaxibHan nacTa mjim 
MeTWiuejuiiojio3a t HanonHkrrennMM, 
pa3pbix^MTenflMM n ApyrnMM AooaBKaMn, 
KoTopue o6biMHo ncno/ib3yiOT npn M3roToBneHnn 
MeAnUMHCKMX npenapaTOB. KoMno3W4HM Ann 
MKrbeKqnM Ann napeHTeparibHoro BseAeHvw 
o6biMHO coAep>KaT coeAHHeHiie b noAxoAniueM 
Ann BHyTpkiBeHHoro BBeAeHHn pacTBope, TaKOM 
xaK CTepnribHbiPi 4)H3nonorviHecKviH cojieBoB 
pacTBop. KoMno3MU,Hn MO>KeT 6biTb Taiwe 
npnroTOBJieHa b bma© cycneH3HH b nvinMAe hjim 
4)oc4)onMnnAe, b jinnocoMHofi cycneH3nn hjih b 
boahoh" SMyjibCHH. 

Cnocoou nonyneHMfl TaKvix neKapcTBeHHbix 

C$)OpM H3BeCTHbl HJIM 6yAyT OMeBUflHbl 

cnem^anncTaM; cm., Hanpwuep, "Remington's 
Pharmaceutical Sciences" (17 th Ed. , Mack. 
Pub. Co, 1985). KoMno3HU,Hn, npeAHa3HaseHHan 
Ann BBeAeHHR AOJDKHa coAep>KaTb KonnnecTBO 
Bbf6paHHoro coeAMHeHnn b <£apMaueBTHHecKM 
3<|x|3eKTVi bhom KorMHecTBe Ann ocyinecTB/ieHMfl 
ycnneHnn AMPA peuenTopHbix tokob y 
nat^neHTa. 
nPHMEPbl 

HkDKecneAyioLHue np^Mepw nniub 
MJiniocTpMpyioT n3o6peTeHne, ho hmkomm 
o6pa30M He orpaHUMUBaioT ero. 

Ecnn HeT Apyrvix yicasaHnCi, Bee 
TeMnepaTypw AaHu b °C. 

Bee cneKTpbi 1 H FIMP no/TyneHbi b 
pacTBopnTene Ae«Tepoxjiopc<tX3pMe c 
Mcnojib30BaHkiew b KanecTBe BHyTpeHHero 
CTaHAapTa TeTpaMeTnncwnaHa. HHcf)paKpacHbie 
cneKTpu (MK) sanncaHbi c nneHOK Ha Fresnel 
KpMCTanne b pewniwe ATI Mattson Gemini FTIR. 

npuMenaHHe: rieperoHKy ruoCbix 



cneAyiomnx coeAUHeHkifl cneAyeT 

ocyu^ecTBjinTb Kpa^He octodokho. OnacHocTb 
BbiAeneHnn ra30o6pa3Hbix npoAyKTOB 
pasnoKeHMn B03pacTaeT c yBennMeHVieM 
MacujTaoa peaKUMn. AjibTepHamBHbifl cnoco6 
5 ohmctkm c ncnonb30BaHneM aKTMBnpoBaHHoro 
ymn onwcaH b npwwepe 2, b cnoco6e B A^ne© 

nPHMEP 1: 
1-(BeH3o-2,1 ,3-TnaAna3on-54inKap6oHnn) 
nnnepHAMH (1) 

TpMMeTunajiioMMHViR (2M a Tonyone; 3,0 mji, 
6 ( 0 MMonb) pa36aBnnioT s 30 mji AHXJiopMeTaHa, 
K 3TOMy AOoaanniOT nnnepnAMH (0,55 r, 6,6 

MMOJlb) H MeTMJl 

6eH3O-2,1,3-TMaAVia3OJv5-Kap60KCidnaT (1,16 r, 
6,00 MMOJlb). PeaKunoHHyio CMecb 

15 nepeMeujnBaioT npn KOMHaTHoR TeMnepaType b 
TeMeHne 2 nacoB m KOHL\eHTpnpyK)T ao 
nonoBMHbi o6^>eMa b poTopHOM ncnapnTene. 
Ao6aBJinioT cyxoR Tonyon (25 mji) m 
peaKi^noHHbiM pacTBop HarpeBaiOT ao 80 °C b 
TeneHue 1 naca. flo6aannK)T AonoJiHMTenbHO 

20 nunepiwiH (okojio 0,2 r) w TeMnepaTypy 
noBbiujaiOT ao 100°C b TeneHne 1 naca. 

PaCTBOpy AaiOT OCTblTb AO KOMHaTHO^ 

TeMnepaTypbi n nepeMeujnBaioT b Te^eHne 
homh, nocne ^ero peaKu>4K) rac«T 10% jimmohho^ 
25 kucjiotom m cojinHoK KMcnoTofl. 3tot pacTBop 
pa36aBJiniOT 3Tnnai^eTaTOM n nocJieAosaTenbHo 
npoMbiBa»OT 10% jiumohho^ kmcjiotoR, 

HaCblLL^eHHblM paCTBOpOM BTOpUHHOrO KMCJIOTO 

4>occt)aTa HaTpnn m Hacbii^eHHbiM pacTBopoM 
xnopHAa HaTpnn, a saTeM cyujaT HaA 

so 6e3BOAHbiM cyjibcfaTOM HaTpnn. 3tot pacTBop 
KOHueHTpnpyioT Ha AByoKncn KpeMHiin n npoAyKT 
srijonpyioT cMecbK) reKcaH/sTWJiaueTaT (3: 1). B 
pe3yjibT3Te ommctkm neperoHKOfl b 
KpymoAOHHOfl KOJi6e (kugelrohr) npn 180°C n 
AaBJieHnn 0,5 mm pt.ct., nojiy^ajoT 

35 i-(6eH3o-2, 1 ,3-TMaAMa30Ji-5-njiKap6oHMJi)nnnep 
mahh (1) (1,29 r, 87%) b bmab Macna 
ojieAHO-wemoro u,BeTa. 

UK: 2920, 2855, 1633. 1478, 1439, 1280, 
1223, 1001, 816n 748 cm" 1 . 

40 1 H AMP (500 MHO 5: 8,06 (1H, a, J=9. 1 

TuJ; 8,02 (1H, c); 7,63 (1H, T. J= 9,0 m 1,5 
ru,); 3,77 (2H, iunp. c); 3,40 (2H, iunp. c); 
1,72 (4H, UJMp. c) M 1,5 MJ1H.A (2H, wap. c). 
nPHMEP 2: 

1-(BeH3o4)ypa3aH-SvuiKap6oHnn) nunepHA^H (2) 

45 Cnoco6 A: 

5eH3o4)ypa3aH-5-Kap6oHOByio KMCJiOTy (2,0 
r, 12,2 MMOJlb) cycneHAMpyfOT b 10 mji 
AMXJiopMeTaHa. Ao6aBnnioT 
Kap6oHHJiAHHMMAa30Ji (2,0 r, 12,3 MMOJlb), hto 
npuBOAUT k pacTBopeHMio c BbiAeneHneM rasa. 

50 nojiyseHHbi^ >KenTbi& pacTBop nepeMeiunBaioT b 
TeneHne 40 mhh npn KOMHaTHoR TeMnepaType, 
nocne nero AoBaBJinwT nunepnAMH (1,2 r, 14,1 
MMonb). nojiyHeHHbiK pacTBop nepeMeujMBatoT 
b TeseHne homm h KOHueHTpnpyioT Ha AByoKMCH 

55 KpeMHi/in. npoAyKT SJllOMpyiOT CMeCbK) 
reKcaH/3THJiai4eTaT (2: 1) h onu^atoT 
neperoHKO^ b KpyrnoAOH hoA Konoe (kugelrohr) 
npM 155-1 70°C m A3BJieHMH 0,5 mm pt.ct. 
1-(6eH30ct)ypa3aH-5-MJiKap6oHkiji)nnnepKAHH (2) 
(2,78 r, 99%), BHana/ie npeACTaBJiniou^nK Macno 

60 6jieAHo-)KejiToro i^BeTa, KpncTajuin3yeTCfl npn 
oxjiaDKAeHMM. T. nn. 88,5-90,5°C. 

I/IK: 2938, 2857, 1630, 1519, 1439, 1266, 
1223. 996, 881 , 816 M 740 cm" 1 

1 H fIMP (500 Mru) 6: 7,90 (1H, a. J=9. 
17 Tm); 7,84 (1H, c); 7,44 (1H, AA, J=9,0 m 
1,4 TuJ; 3,74 (2H, iunp. c); 3,39 (2H, uwp. 
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c); 1,72 (4H, iunp. c) u 1,57 mhh^ (2H, UJMp. c). 
Cnoco6 B: 

B 5-m nmpOByK) Kon6y 3arpy>KaK>T 
STunaL^eTaT (2,3 n) m Kap6oHMJWinMM^a3on 
(500,0 r, 2,48 Monb), k 3TOMy AOoaannioT 
4-xjiop-3-HHTpo6eH3ofiHyio KMcnoTy (402,5 r, 
2,48 Morib) nopunflMM b TeMeHne 1 naca. 
PacTBOp nepewieujuBaiOT b TeMeHMe eme 1,5 
MacoB. B TeMBHkie 2 nacoB no KannflM 
AOoaanflioT rwnepHAUH (222,2 r, 2,60 Monb) m 
nonyMeHHbifi pacTBop nepeMeujMBaiOT eui,e b 
TeMeHHe 4 nacoB. Peaicuj/iOHHyio ciwecb 
npoMbiBawT nocneAOBaTenbHo 

ABauKAbi 6 h. HCI pacTBopoM (600 win), 
ABaww HacbimeHHbiM pacTBopoM 6nKap6oHaTa 
HaTpnq (250 mji) m, HaKOHeii,, HacbimeHHbiM 
pacTBopoiw NaO (250 m/i). OpraHMnecKMfl 
pacTBop cywaT HaA 6e3BOAHbiM cynbcparoM 
HarpHfl n 4>wnbTpyK)T, a pacTBopmerib yAanaioT 
b BaKyyMe, nonysafl 646 r (97%) 
4-xnop-3-HHTpo6eH30Mn-nnnepMAMHa B BUfle 
KpucTa/innnecKoro TBepAoro BemecTBa wenToro 
i^Beia c T.nn. 76-77°C. 

UK: 1633, 1535 m 1440 cm" 1 . 
1 H fIMP (500 MO*, CDCb) 5: 7,92 (1H, A, 
J=1,5 riO; 7,60 (1H, a. J=B,1 Tu); 7,56 (1H, 
AA, J=8.1 m 1,5 00; 3,70 (2H, lunp. c); 3, 
35 (2H, ujup. c); 1,0 (4H, iunp. c) M 1,56 
M/1H.A (2H, tunp.c). 

4-X^op-3-HHTpo6eH30H/innnepnAMH (539,2 r, 
2,00 Morm) pacTBopniOT b 2,93 n 3TWieHrnnKonfl 
b nnTMJiMTpoBoR Konoe npM nepeMeuiMBaHnn h 
HarpeBaHMM AO 50°C. K 3TOMy pacTBopy 
nopunflMM b reneHne 40 mmh AoGaBJifljoT a3HA 
HaTpufl (137,0 r, 2,10 Monevi). (locne 
3aBepiueHMf? AooaBneHMH Tewnepaiypy 
noBbiiuaioT ao 120°C b TeneHMe 2,5 MacoB n 
nn/ y^ ppmiRatoT 3Ty TeMnepaiypy b TeneHMe 3 

HaCOB. PaCTBOpy P&KiT OCTblTb ao 50°C M B 3TO 

BpeMfl b TeneHne 5 MMHyT AOoaanflioT 
AononHHTexibHO a3HA Haipun (65,2 r, 1,00 
Monb). TeiwnepaTypy noBbiiuawT ao 120°C b 
TeneHkie 2,5 HacoB h n o AAe p>KM Ba \ot oiy 
TewinepaTypy b TeneHne 4,5 nacoB, noKa He 
npeKpaiAaeTcn Bb^eneHne ra3a. PacTBopy Aa»OT 
ocTbiTb ao KOMHaTHoR TeMnepaTypbi m b sto 
BpeMfl CMecb pa3AenflK>T wie>KAy boaom m 
3Tnn a L^eTaTO m (1,5 n KawAoro). BoAHyio cfcasy 
SKCTparnpyioT Tpn>KAbi STunat^eTaTOM (300 win). 
06-beAMHeHHbie opraHnnecKne c})a3bi 
npOMblBaiOT 30 MJI BOAbl, ABaww HacuineHHbiM 
pacTBopoM NaCI (200 mji) m, HaKOHeu,, cyiuaT 
HaA 6e3BOAHbiM cynbcfaTOM HaTpuw. 
OT($nnbTpoBaHHbi« pacTBop ynapuBaioT, 
nonyMaa 345,5 r HeoHnu^eHHoro 
1-(6eH3CK^ypa3aH-5-viJiKap6oH^Ln)niinepilA^Ha. 

HeoMMineHHbiR (cupofl)) 
1-(6eH30*ypa3aH-54iriicap6oHvui)nMnepMAMH (22 
r) pacTBopatoT b 200 mji 3Tunau,eTaTa npn 
nepeMeiUMBaHUM. K pacTBopy Ao6aarmK)T 
aKTMBHDOBaHHbifi yronb (1 1 ,0 r) m nonyneHHyK) 
cycneH3nio HarpeBaioT ao KwneHUfl c o6paTHbiM 

XOJlOAHTlbHUKOM, n03BOJlflK)T OCTblTb AO 60 °C 

m, HaKoneL\, 4)nnbTpyioT na i^ennTe. 
OcTaBiunRcji Ha 4>nnbTpe aiauBupoBaHHbw 
yronb cHOBa cycneHAMpyiOT b 200 win 
3TMnaueTaT, HarpesaioT ao KMneHna c o6paTHWM 
XOnOAVUlbHMKOM M CHOBa ^wibTpyioT Ha i^exiMTe. 
OT^MJibTDOBaHHyK) JienewKy ABa^Abi 
npoMUBaiOT 3Tnnan©TaTOM (50 mji) m 
nonyMeHHW» 4)nribTpaT KOHneHTpupyiOT a 
dotophom HcnapMTene. nonyMaa 19,0 r Macna, 
opaH>KeBoro UBSTa, KOTopoe oTBepwAaeTca npw 
ctoahum. Ooeci^BeMeHHbjR npoAyKT npoMbisaioT 
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20 mji oxnaoKAeHHoro jibAOM 3TaH0Jia, nonyMafl 
13.1 r oneAHO-wejiTbDC KpMCTaruiOB (2) c t. 
nnaaneHUfl 91 .0-gs.O^. 
nPHMEP 3: 

1- (6eH30#ypoKcaH-5-wirap6oHnrO nunepvww 

0) 

BeH3o4)ypoKcaH-5-Kap6oHOByK) KMcnoTy (1 r, 
5,6 MMorib) cycneHAnpy»oT npvi nepeMeoiHBaHUM 
b 15 mji AnxnopMeTaHa m k STOMy Ao6aenflK)T 
KapooHnnAMMMHAaaori (0,90 r, 5,6 MMorib). 
nponcxoAUT BbiAeneHne ra3a m nonyMeHHbiR 
pacTBop nepeMeujuBatoT b TeneHne 40 mmh, 
npuneM b sto BpeMfl Ao6aBJiflioT npw 
nepeMeiUHBaHMH nwnepiwin (0,5 r, 5,9 MMorib). 
PeaKi^MOHHu» pacTBop KOHi^eHTpupyraT Ha 
AByowicH KpeMHUfl n nonyHeHHbift npoAyicT 
3jiK3npy»OT cMecbto reKcaH/sTunai^eTaT (3:1). B 
pe3yribTaTe nepeKpucTannnsaL^nn H3 CMecu 

2- nponaHOJi/reiccaH (1:10) nonywaiOT 
1-(6eH3oct)ypoKcaH-5^Kap6oHMn)nyinepMA^H 
(0,94 r, 69%) b bma© TBepAoro Beu^ecTBa 
>KenToro i^BeTa c T.nn. 94,5-96, 5°C. 

UK: 2938, 2855, 1620, 1612, 1528, 1487, 
1435, 1257, 1233, 1018, 1000, 852, 811 n 747 

CM" 1 . 

1 H AMP (500 UVi\) $: 7,10-7,80 (3H, wup. 
c), 3,72 (2H, ujup. c); 3,39 (2H, UJMp. c); 
1,72 (4H, UJMp. c) M 1,54 mjih.a (2H, UJMp. c). 

flPMMEP 4: nonyneHMe 4-cf)TopnMnepMAMHa 
M 1,2,3,4-TeTparMAponMpMAMHa 

N- TpMt{)TO pa LLeTMJi-4-rM ApoKCM n MnepMAM h (7, 
92 r, 40 MMonb ) cycneHAMpywT b 10 mji 
AMxnopMeTaHa m oxnawcAaioT ao -78°C. 

flo6aBTlfllOT TpMCJ>TOpMA AMMeTMJiaMMHOCepbl 

(6,8 r, 42 MMorib) m cycneH3Mio ocTaanfliOT 
HarpeBaTbca ao KOMHaTHofi TeMnepaTypw b 
TeneHMe hohm. 3aTeM peaKU,MOHHyio cwecb 
pa36aBnfi»OT 125 mji AMXJiopMeTaHa m 
npoMbtBatoT HacbimeHHbiM pacTBopoM 

6MKap60H3Ta HaTpMfl, HTO npMBOAMT K 
MHTeHCMBHOMy GypJieHMK). flMXJIOpMeTaHOBbl^ 

pacTBop saTeM cyiuaT, npoMbiBaw HacbHu,eHHbiM 
pacTBopoM xjiopMAa HaTpMfl, a 3aTeM 
06pa6aTbiBaK)T 6e3B0AHbiM cyjibC>aTOM MamMR. 
PacTBopMTe/ib yA9JiflK>T b saKyyMe, a 
noJTyMeHHoe Macno opaHxeBoro qBeTa 
nepeMeujMBaiOT c 7,5 M KOH pacTBopoM b 
TeneHMe 1 ^aca npM KOMHaTHoK TeMnepaType. 
3tot npoAyKT SKCTpampyiOT acspMpoM m cyiuaT 
HaA 6e3BOAHb!M cynbC{)aTOM MarHMfl. PacTBop 
c}>MnbTpyioT m 3C|)Mp yAariflK)T neperoHKOM npM 
aTMOciepHOM AasJieHMM. Ammhw OTroHflioT npM 
95°C, b pe3ynbTaTe nonynajOT 0,7 r 
6ecL\BeTHoro Macna, KOTopoe coctomt ms CMecM 
4-4>TopnMnepMAMHa/1 ,2,3, 6-TeTparMAponM pmamh 
a. 

UK: 3317, 3293, 2968, 2955, 2943, 2929, 
1451, 1427, 1418, 1377, 1279 m 1023 cm" 1 . 

nPMMEP 5: 
1-(BeH3o*ypa3aH-54micap6oHMn)-1 ,2,3,6-TeTpar 

MApOnMpMAMH (3) M 

1_(6eH3o<|)ypa3aH-5-MnKap6oHMn)-4-<}5TopnnnepM 
AMH (4) 

BeH30c})ypa3aH-5-Kap6oHOByK) KMcnoTy (0,75 
r, 4,6 MMonb) cycneHAMpytoT b 15 mji 
AMxnopMeTaHa. K stoA cycneH3MM Ao6aanRiOT 
KapobHMnAMMMMAa3on (0,75 r, 4,6 MMonb), hto 
Bbi3biBaeT npeBpaui.eHMe peaKU,MOHHO« cmscm b 
jKenTbiM u,bst no Mepe BbiAeneHMfl rasa. 
PacTBop nepeMeujMBaiOT b TeneHMe 30 MMHyT, 
nocne Mero AOoaanfliOT CMecb 
4-<})TopnMnepMAMHa m 

1 ,2,3,6-TeTparMAponMpMAMHa (0,7 r, npMMepHO 
7 MMonb), nonyMeHHwx iok yK33aH0 b npMMepe 
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ujup. c); 
c); 2,33 

TpeTbMM, 

CMecu 
200 Mr 



4. PacTBop nepeMeujueaiOT b TeneHMe 2 nacoa 
npn komh3Tho^ TeMnepaType, nocne Mero 
peaKUMOHHyio cwiecb KOHueHTpMpyioT Ha 
AByOKMCH KpeMHMfl m npoAyKTbi anionpyioT 
cMecbw reKcaH/aTwiaueTaT (3:1). Bbwenfl»OT TpM 
KOMnoHeHTa 100 Mr, 200 Mr m 300 Mr, 
cooTBe-rcTBeHHO. CoeAuneHMe, BbiujeAwee 
BTopbiM, orsepjKflaeTCR npM ctohhmm h ero 

MAeHTMQ>MUMpyiOT KaK 

1-(6eH3o0ypa3aH-&wiKap6oHnn)-1 ,2,3,6-TeTpar 
MAponnpnAHH, (3) no flaHHbiM AMP. T. 
nnaBJieHMfl 68,5-70°C. 

UK: 1630, 1516, 1438, 1245, 1009, 881, 
816, 741 m 629 cm* 1 . 

1 H 5RMP (500 MPlO 5: 7,92 (1H. A. J=9.0 
ru,); 7,88 (1H, c); 7,47 (1H, a. J= 9,0); 
5,57-5,95 (2H, m); 4, 23 (1H, 
3,90-3,97 (2H, m); 3,53 (1H, iunp. 

(1H, UJMp. C) M 2,22 MJ1H.A (1H, UJMp. C). 

KoMnoHeHT, KOTOpbiM Bbiwen 
nepeKpncTannn30Bb!BaioT M3 
STunaL^eTaT/reKcaH (1 :30), nonyMafl 
oenwx KDHCTannoB c t. nnaB/ieHM* 
124-125,5 °C, h ero MAeHTMdpMUMpyiOT KaK 
^(OeHaoc^ypoKcaH-S-MriKa^oHkmH'-^Topnkine 

PMAMH (4) no ASHHblM AMP. 

UK: 1633, 1439, 1274, 1231, 1034, 923, 
881 M 742 cm" 1 . 

1 H AMP (500 Ml~n) 5: 7,93 (1H, A, J=9,0 
Rtf; 7,87 (1H ( c); 7,44 (1H, a, J= 9,0 ru.); 
4,9-5,1 (1H. m); 4,0^,2 (1H, ujup. c); 
3,5-3,7 (2H, m); 3,4-3,5 (1H, lunp. c); 
1,72-2,1 mjih.a(4H, M). 

nPMMEP 6: 
1 -(5eH30<t)ypa3aH-5-nnKap6oHMJi)-1 ,2,3,6-TeTpar 

HApOnHpHAMH (3) 

AnbTepHaTHBHbifi cnocco" 

Bonee npaMOM cnoco6 nonyneHnw 
1 -(6eH3o4)ypa3aH-5-nnKap6oHH^)-1 ,2,3,6-TeTpar 
nAponMpnAMHa (3) 6 bin ocyujecTBneH no 
cnocooy npMMepa 2, cnoco6y A, cm. paHee, 
mcxoah M3 HucToro TeTparviAponMpnAMHa. 
HeoMMineHHbiW npoAyicr (BbixoA 94%) OMMUjaiOT 
c noMoii4bio xpoMaTorpacjDUMecKotf oGpaooTKM Ha 
CM/Micarene (reKcaH/sTunaueTaT (1: 3)), b 
pe3yribTaTe Mero nojiynaioT c bwxoaom 74% 
KpMCTannbi ojieAHO-Kemoro LjBeTa c t. 
nnaaneHMfl 82-83,5 °C. npeAnortowMTenbHO 
Apyofl Kp MCTann mm ecKM R M30Mopo> 
nonyMeHHoro paHee. 

nPHMEP 7: nonyMeHMe 

4,4-AM4>Topnvinepi^AMH/1,2,3,6-TeTparvwpcH4-4)T 
opnunepMAMHa 

N-Tpno>Topai4eTMjv4-nMnepMAOH (10 r, 52 
MMorib) cycneHAnpyrar b 10 mji AMxnopMeTaHa. 
K 3toR cycneH3nn AooaB/iHioT 
AM3TnnaMMHOcynbo>ypTpMO>TopMA (9,1 r, 56,5 
MMO/ib). PeaKUMfl BHaMane npoTeKaeT 
MeAneHHO, ho Mepes HecKonbKO MMHyT CMecb 
HaMMHaeT 6ypHO KuneTb. MTo6bi yMeHbWMTb 
MHTeHCMBHOCTb KMneHMfl, ocyiuecTarmiOT 
oxna^AeHkie. CMecb nepeMeujMBaiOT b TeneHne 
homm, pa36aanflK)T 125 mji A^xnopweTaHa m 

npOMbJBaiOT HaCblU^eHHblM paCTBODOM 

6nicap6oHaTa HaTpun, nocne Mero npoMCXOAMT 
MHTeHCMBHoe o6paaoBaHne ny3bipbKOB. 3aTeM 
AHxnopMeTaH cyiuaT HacwmeHHbiM pacTBopoM 
xnopnAa HaTpuji, a 3aTeM 6e3BOAHWM 
cynbO^aTOM Mamnn. PacTBopMTerib yAanflWT b 
BaxyyMe n nonyMeHHoe Macno opaHweBoro 
i^BeTa nepeMeiunBatoT c 7,5 M KOH pacTBopoM 
B TeMeHHe 1 Maca npn komh3thoA TeMnepaType. 
npofly kt SKCTparnpyioT 3Cj)MpoM, nonyMeHHbia 
pacTBop cyujar nan 6e3BOAHbiM cyjibQ>aTOM 
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Mama* m G>nnbTpyioT. 3o>np ottohhk)t npn 
aTMocc>epHOM ABBJieHUM, a npoAy kt ottohaiot 
npn 105-125°C, nonyMafl 4,5 r 6neAHO-)KeriToro 
Macna, cocTOflu^ero H3 CMecu 
4,4-AHct)Topnnnepiv;nHa/1 ,2 J 3,6-TeTparMAPo-4-4) 
TopnunepMAMHa. 

MK: 2960, 1357, 1265, 1146, 1117, 987, 
952, 814 m 792 cm' 1 . 

nPMMEP 8: 

1-(5eH3ott>ypa3aH-54inKap6oHMri>-4.4-A^*TopnM 
nepMAMH (5) m 

1-(6eH3o4)ypa3aH-54inKap6oHMn)-1 ,2,3,6-TeTpar 

MAPO-4-(|5TOpnMpMAMH (6) 

5eH300>ypa3aH-5-Kap6oHOByK) KMcnoTy (0,75 

T, 4,6 MMOJIb) aKTMBMpyiOT B 15 MJI 

AMxnopMeTaHa Kap6oHMJiAMHMMAa3onoM, no 
cnoco6y npMMepa 4. CMecb 
4,4-AM4)TopnMnepMAMHa m 
1,2,3,6-TeTpamApo-4-o>TopnMpMAMHa (0,7 r), 
nonyMeHHyio no cnocooy npMMepa 7, ppfoavniwoi 

K paCTBOpy M npOAyKT 3Jl»OMpyK5T CMeCbK) 

reKcaH/sTMnaqeTaT (3:1), norryMas ABa 
KOMnoHeHTa. KoMnoHeHT, 3 n iom posa hh w m 
nepBbiM, nepeKpMCTannM30BbiBaioT M3 cMecM 
STMnai^eTaT/reKcaH (1:5), nonyMafl 480 Mr 
TBepAoro BemecTBa c T.nn. 148-149°C, m ero 

MAeHTMCj)Ml^MpyK>T KaK 

l-^eHsoc^ypasaH-S-MfiKapeoHMJiH.^'-A^M^TopnM 
nepMAMH (5). 

UK: 1642, 1440, 1365, 1266, 1123, 1086, 
936, 822, 817, 737 m 607 CM* 1 . 

1 H AMP (500 MR0 6: 7,96 (1H, A. J=9, 5 
^); 7,90 (1H, c); 7,45 (1H, t, J= 8,8 M 1,1 
Tu); 3,8-4,1 (2H, UJMp. c); 3,5-3,7 (2H, UJMp. 
c) M 1,9-2,2 MJ1H.A (4H, UJMp. a)- 

KOMnOHeHT, 3/IKJpOBaHHblR BTOpbIM, 

nepeKpMCTajuiM30BbiBa»OT M3 CMecM 
STMnai^eTaT/reKcaH (1: 10), nonyMaji 180 Mr 
TBepAoro npOAyKTa c t. nnaBneHMfl 102-1 05 °C, 

M ero MAeHTMO>Ml^MpyK)T K3K 

1-(6eH3o4>ypa3aH-5-MnKap6oHMn)-1 ,2,3,6-TeTpar 
MApo-4-o>TopnMpMAMH (6). 

UK: 1639, 1436, 1361, 1241, 1146, 1007, 
828, 817, 742 m 605 cm* 1 . 

1 H AMP (500 Mruj s: 7,94 (1H, a. J=9,0 
ru,); 7,90 (1H, c); 7,46 (1H, a. J= 9,0 ru); 
5,1-5,4 (1H, M); 4,3 (1H. UJMp. c); 4,0 (2H, 
UJMp. c); 3,65 (1H, UJMp. c) m 2,30-2,55 mjih. 
A (2H, UJMp. a) 

HPHMEP 9: 

4-(BeH3oc})ypa3aH-5-MJiKap6oHMJi)Mop4)OJiMH (7) 
4-(EeH30ct)ypa3aH-5-MJiKap6oHMri)Mop4)oriMH 
nonyMaKOT no cnocooy npMMepa 2 (cnoco6 A), 
Mcnonb3yfl MOpc{3onMH BMecTO nMnepMAMHa. 
npoAyicr nojT/MaioT c bwxoaom 65% b bmab 
6neAHoro KpMCTanriMMecKoro TBepAoro 
BeiuecTBa c t. nraBneHMfl 148-1 50 °C. 

UK: 1638, 1522, 1439, 1276, 1108, 1003 m 
614 cm" 1 . 

1 H mP (500 MfiO 8: 7,94 (1H, a, J=9.2 
riO; 7,88 (1H, c); 7,45 (1H, a, J=9,2 H0 M 
3,50-3,90 (8H, m) m^. 

RPHMEP10: 
1-(5eH3c<t>ypa3aH-54inKap€c>HMJiH-4MaHonMnep 

MAMH (8) 

Cnoco6 A 

1 -(BeH3c4)ypa3aH-5-MJiKap6oHMJi)^uMaHonM 
nepMAMH nortyMaiOT no cnocooy npMMepa 2 
(Cnoco6 A), Mcnorib3yfl 4-i^MaHonMnepMAMH 
BMecTO nMnepMAMHa. npoAyKT nonyMaioT c 
BbocoAOM 74%, c t. nnaaneHMfl 190-192 °C 
nocne xpoMaTorpao>MMecKof" ommctkm Ha 
cvuiMKare/ie, Mcnorib3yfl b KaMecTBe snioeHTa 
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cwiecb 3iwiaueTaT/MeTaHon (95:5). 

MK: 1675, 1611, 1431, 1261 n 1226 cm- 1 . 
1 H AMP (500 Mru) 8: 7,93 (1H, A. J=9.2 
HO; 7,88 (1H, c); 7,46 (1H, A. J= 9.1)i 
5 30-5,50 (2H, m); 4,60-4,70 (1H, m); 
3,75-3,85 (1H, M), 2,90-3,25 (2H, m); 
2,40-2,50 (1H, m) m 1,60-2,10 mhh^ (4H, m). 

Cnoco6B 

1-(5eH3oct)ypa3aH-SnnKap6oHMnH-Kap6oKC 
aMUAonnnepnA^H (2,50 r, 9,11 MMOJib) 
pacTBopwiOT b CHC1 3 (90 mji) n o6pa6aTbmaioT 

TMOHUnXJlOPMAOM (1,65 l\ 13,8 MMOJib). 

PeaiqMOHHyK) cwecb HarpeBaioT ao KVineHMfl c 

06paTHWM XOJlOAWlbHMKOM b TeMeHue 30 MHHyT 
H B 3TO BpeMfl paCTBOp CTaHOBHTCfl MyTHblM. 

floo"aan«K)T AononHHTeubHO TUOHunxnopiiA 
(1,52 r, 12,8 MMOJib) m peaKquoHHyio CMecb 
HarpeBaioT AonoriHUTenbHo 1,5 naca. nocjie 

TOro, K3K paCTBOp OXJia>KAaK)T AO KOMHaTHOfl 

TeMnepaTypbi, ero pa36aB/ifltOT CH 2^2. 

npOMblBaiOT HaCblU^eHHblM pacTBopoM 

6nKap6oHaTa Haipnw n cywaT HaA cynbO>aTOM 
HaTpun. npoAycr KOHt^eHTpupyioT Ha cMJiMicarene 
m anionpyioT cwiecbio reKcaH/3Tunau,eTaT (1:1). 
nonyneHHoe coeAHHenwe oSecu, BeM h Ba \ot 
aKTMBupoBaHHWM ymeM b STHnaueTaTe, 
nonynafl 

1-(6eH3cxt>ypa3aH-5-wiKap6oHHJiH-unaHonnnep 
hahh (0,570 r, 24%) (51% B pacneTe Ha 
BbiAeneHHbiR ncxoAHbiii MaTepna/i) b bha© 
Macna, KOTOpoe KpncTannn3yeTcn npn ctohhhh 
b Bi4A@ 6/ieAHoro TBepAoro Beu^ecTBa. T. 
nnaaneHMfl 104-107°C. 

UK: 2240, 1735, 1633, 1435, 1271 u 1236 

CM -1, 

1 H AMP (500 Mri|) 8: 7,96 (1H, AA, J=9.0 

m 1.2 no; 7,88 (1H, Aa. J=1.7 m 0,7 r lQ; 

7,44 (1H, AA, J=9,1 M 1.6 nO; 3,60-4,00 
(4H, M); 2,95-3,05 (1H. m) m 1.80-2,15 mjih.a 
(4H, m). 

nPHMEP 11: 
1-(5eH3o4)ypa3aH-5-MnKap6oHi^H-fvwpoKCkinvi 

nepnAHH (9) 

1 -(5eH3o4)y pa3aH-5-MJiKap6oHMJiH-nv;poKC 
nnnnepnAHH nonysaioT no cnoco6y npuMepa 2 
(cnoco6 A), Mcnonb3y« 4-rnApoKCnnnnepnAHH 
bmbcto nunepnAnna. npoflyia nonynaioT c 
BbixoAOM 45% m T.nnaBJieHUfl 132-136°C nocne 
xpoMaTorpacjMHecKofi ohhctkm Ha cvuiUKarene, 
Mcnonb3y9 STWiaueTar b KaMecTBe 3JiioeHTa. 

MK: 1614 m 1446 cm" 1 . 
1 H HMP (200 MOO 5: 7,95 (1H, A. J=9,3 
Vi\), 7,86 (1H, c); 7,44 (1H, AA. J= 9,2 n 
1,3 Rtf; 4,0-4,25 (2H, m); 3,1-4,0 (3H, m); 
1,8-2,1 (2H, m)m 1,5-1,8 (3H, M) M^. 

13 C AMP (125 M^) 5- 33,6, 34,5, 39,3, 
44,6, 66,5, 114,6, 117,5, 130,6, 139,1, 
148,5, 148,6 n 167,5 mjih. a- 

nPMMEP 12: 
1 -(5eH3o0y pa3aH-SMJiKap6oHnn)TvioMop4>QJinH 
(10) 

1 -(5eH3cxt)ypa3aH-5-wiKap6oHHJi)TvioMop4)o 
jihh nonynaioT no cnocooy npuMepa 2 (cnoco6 
A), Hcnojibsya ™oMopc}JonnH bmbcto 
nunepnAHHa. npoAyKT noJiynaioT c BbixoAOM 
58% u T.ruiaB^eHMfl 144-146 °C b bha© 
6/ieAHoro KpucrannnHecKoro Bei^ecTBa. 

MK: 2912, 1632, 1557, 1434, 1292, 1231, 
1208, 957, 941, 880, 825, 741 u 616 cm" 1 . 

1 H AMP (500 MOO a: 7,94 (1H, A. J=9,6 
TiO; 7.86 (1H, c); 7,41 (1H, A, J=9,2 TtO; 
4,06 (2H, ujup. c); 3,73 (2H, iunp. c), 2,78 
(2H, ujmp. c) m 2,62 m. a- (2H. ojup. c). 
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nPHMEP 13: 
1 -(EeH3c4>y pa3aH-SwiKap6oHvtn)nMppo/iMAMH 

< 11) , 

1 -(BeH3o<t)ypa3aH-5-nnKap6oHnn)nnppcJiHAH 

h nonyMaiOT no cnocooy npuMepa 2 (cnoco6 A), 

ncnoJib3ya nupporiMAMH BMecTO nwnepHAHHa. 

npoAyKT nonyMaJOT c BbixoAOM 61% n 

T.nnaBneHWH 97,8-99,3 °C. 

UK: 2957, 2878, 1632, 1619, 1514, 1471, 
1432, 1194, 1009, 882, 822, 786 M 742 cm' 1 . 

1 H AMP (500 M^) 7,96 (1H, c); 7,91 
(1H, a. J=9.0 TiO; 7,58 (1H, A. J= 9.5 TlO; 
3,69 (2H, t, J=6,6 R0; 3,50 (2H, T, J=6,5 
TiO; 2,01 (2H. KB, J= 6.6 TiO m 1,96 ma 
(2H, T, J=6,5 Tu). 

nPUMEP 14: 
1-(5eH3o4)ypa3aH-5^riKap6oHH/i)-3-nnppoJinH 

(12) 

1-(5eH3c4)ypa3aH-5-njiKap6oHHJi)-3-nMppofin 
h nonyMawT no cnoco6y npuMepa 2 (cnoco6 A), 
ncno^b3y« 3-nnpponnH BMecTO nwnepnAHHa. 
npoAyKT nonyna»OT c BbixoAOM 65% M 
T.nnaBneHun 117-118 °C b BMAe 6/ieAHoro 
KpucTajT/iUMecKoro aeiuecTBa. 

MK: 3072, 2862, 1633, 1609, 1562, 1535, 
1524, 1471, 1460, 1432, 1408, 1360, 1304, 
1192, 1156, 1012, 882, 834, 822, 769, 744, 
695 n 684 cm' 1 . 

1 H HMP (500 M^) 6: 8,00 (1H, c) 7,93 
(1H, A, J=9,7 HO; 7,58 (1H, a. J= 9,3 TiO; 
5,97 (1H, m); 5,80 (1H, m); 4,50 (2H, c) m 
4,30 mjih.a (2H, c). 

nPMMEP 15: 
1-(EeH3c4)ypa3aH-5-njiKap6oHMJiH-MeTMnnnnep 
mahh (13) 

1 -(5eH3c43y pa3aH-5-MnKap6oHnnM-MeTH^nn 
nepuAHH nonynaioT no cnoco6y npuMepa 2 
(cnoco6 A), Mcnonb3yfl 4-MeTMnnnnepnAHH 
bmbcto nunepMAHHa. npoAyKT nonynaioT c 
bwxoaom 67% m T.nnaBneHMfl 86-87 °C. 

MK: 1633, 1441 M 1239 cm" 1 . 
1 H HMP (500 Mru) 8: 7,92 (1H, a, J=9,5 
HO; 7,90 (1H, c); 7,44 (1H, a, J= 9,0 V\$\ 
4,50-4,70 (1H, M); 3,65-3,80 (1H, m); 
3,05-3,15 (1H, m); 2,80-2,90 (1H, m); 
1,75-1,85 (1H, M); 1,60-1,75 (2H, m); 
1,20-1,30 (1H, m); 1,05-1,20 (1H, m) m 1,00 
mjih.a (3H, A, J=6 TiO- 

nPMMEP 16: 
1-(EeH3o4)ypa3aH-5-MTiKap6oHkiJi)reKcaMeTkiJieH 
mmmh (14) 

1-(BeH3o0ypa3aH-5-MJiKap6oHnn)reKcaMeTVi 
neHMMMH nonynawT no cnoco6y npMMepa 2 
(cnoco6 A), McnonbsyH reKcaM8THJieHMMMH 
BMecTO nunepMAMHa. npoAyKT nonyMaioT c 
BbixoAOM 67% m t. anaaneHMfl 86-87 °C nocne 
xpoMarorpac})viHecKoa ommctkm na cvuiMKarene, 
ncnonb3yfl b KanecTBe 3/iioeHTa CMecb 
reKcaH/sTMJiaueTaT (1: 1). 

MK: 1631, 1428, 1273 H 743 CM" 1 . 
1 H HMP (500 MriO 8: 7,91 (1H, m, 
J=8,6, 0,6 TlO; 7,82 (1H, c); 7,44 (1H, AA, 
J= 9,2, 0,8 TiO; 3,72 (2H, T, J=3,9 TiO; 
3,43 (2H, T, J=3,9 TlO; 1.88 (2H, T, J=3,9 
ru;M 1,60-1.70 M.A- (6H. m). 

nPMMEP17: 
1-(5eH3o4)ypa3aH-5^Kap6oHnn)-1 ,4-AHOKca-8- 
a3acnnpo[4,5lAe!<aH (15) 

1-(5eH3o4)ypa3aH-5-vuiKap6oHHJi)-1 ,4-ahokc 
a-8-a3acnnpo[4,5l nexaH nonyHaK)T no cnocoCy 
npuMepa 2 (cnoco6 A), ncnonb3yfl . 
1 ,4-AMowsa-8-a3acnnpo[4,5]AeKaH 
(sTUJieHKetanb 4-nnpMAOHa) BMecto 
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nunepuAHHa. Hpoflyicr nonyMaiOT c buxoaom 
54% m T.nnaBneHUH 88-90 °C. 

UK: 1638, 1440, 1268, 1120, 1081 M 742 
cm -\ 

1 H AMP (500 Mru) 5: 7,91 (1H, AA. J=9,0 
m 1,0 Tu); 7,87 (1H, AA. J=1.6 M 0,9 TiO; 
7 45 (1H, AA, J=9,2 M 1,2 ru,); 4,00 (4H, c); 
2,80-3,95 (2H, iuup. c); 2,45-2,65 (2H, wup. 
cj; 1,75-1,90 (2H, iunp. c) u 1,65-1,75 m.a. 
(2H, ujup. c). 

nPHMEP 18: 
1-(BeH30cf>ypa3aH-54inKap6oHHJi)-4-nnnepnAOH 

(16) 

1-(BeH3o4>ypa3aH-5-MJiicap6oHi4ri)-4-nnnepnA 
oh nonynaioT no cnoco6y npwuepa 2 (cnoco6 A), 
ncnonb3yfl 4-nwnepnAOH bmbcto nunepnAHHa. 
HpoAyKT nonynaJOT c buxoaom 30% w 
T.nnaBneHun 136-1 39 °C. 

MK: 1715, 1637, 1433, 1270 n 1238 CM" 1 . 
1 H 5RMP (500 MHO 5: 7,96 (1H, AA, 
J=9 6, 1,0 Tl0; 7,94 (1H, c); 7,49 (1H, A. 
J=9,6 ^); 3,70-4,20 (4H, c) m 2,30-2,80 
m a (4H, map. c). 

nPHMEP 19: 
1-(6eH30(})ypa3aH-5-miKap6oHnn)-4-MeTOKCMnMn 

epnAMH (17) 

1 -(BeH3o4>y pa3aH-5-nnicap6oHMJi)-4-MeTOKCM 
nunepnA^H (840 Mr, 3,40 MMO/ib) pacTBopaiOT b 
AHMeTWic})opMaMHAe 02 mti) u o6pa6aTbiBaK)T 
60% rwApnAOM HaTpwfl (150 Mr, 3,75 MMonb) b 
TeneHne 30 MUHyT. floSaBnaioT Mewiuc-A^A 
(650 Mr, 4.54 MMonb) u Mepe3 3 naca npn 
KOMHaTHOft TeMnepaType peaKU,MOHHyio cMecb 
o6pa6aTbiBaJOT eu\e TaKMM we KonnMecTBOM 
rviAPHfla HaTpufl m MeTHnwoAMAa, hto h paHbiiie, 
n ocTaBnnKJT BbicTaHBaTbc* Ha 16 nacoB. 
PeaKUMOHHbiK pacTBop pa36aBnnK)T boaoR m 
npoAYKT SKdparnpyioT STunauBTaTOM. 
OpraHvmecKMfi pacTBop npoMbiBaiOT boaoH h 
HacbtmeHHbiM pacTBopoM xnopkiAa HaTpi/iH n 
cyiuaT HaA cynb4)aroM Mamvifl. Cbipofi npoAYKT 
OMMinaiOT, o6ecL^BeMHBafl aKTHBHpOBaHHbiM 
ymeM b STaHO/ie, ABawAbi o6pa6aTbiBaK)T 
xpOMaTorpac^MMecKM Ha cunwrarene, snKwpya 
CMecbio reKcaH/3Tnnai^eTaT (2: 1) n, HaKOHeu,, 
ocyu^ecTBnjuoT neperoHicy b KpymoAOH hoR 
Kon6e (kugelrohr) npvi 125-140°C, nonyMan 
1-(6eH3oct)ypa3aH-5-MJiKap6oHiiJi)-4-MeTOKCMnnn 
epMAHH (269 Mr, 30%) b BHAe 6neAHO->KenToro 
Macna. 

UK: 1639, 1440, 1274, 1101 M 1089 cm" 1 . 
1 H AMP (500 MriO s: 7,91 (1H, am, J=9.2 
Hi); 7,85 (1H, t, J=1,1 TiO; 7,43 (1H, AA. 
J= 9,2, 1,2 Titf; 3,90-4,05 (1H. m); 
3,55-3,72 (2H, m); 3,53 (1H, cem, J= 3,5 
Hi); 3,38 (3H, c); 3,20-3,35 (1H, m); 
1,90-2,02 (2H, M); 1,65-1,85 (2H, m) m 1,65 
m.a (1 H, M). 

nPHMEP 20: 
1-(5eH3Cx})ypa3aH-5-nnKap6oHWi)AeKaAe^Tepon 

MnepHAHH (18) 

BeH3o4)ypa3aH-5-Kap6oHOBy>o KucnoTy 
(0,9070 r, 5,526 MMonb) cycneHAnpywT b 15 mji 
MeTuneHxnopnAa. k 3TOMy pacTBopy Ao6aan5iioT 
Kap6oHHJiAHMMMAa3on (0,9027 r, 5,567 MMO/ib). 
PeatquoHHaw CMecb cTaHOBMTCH TeMHofi no 
Mepe BWAeneHMR rasa. 3tot pacTBop 
nepeMeujMBaioT b TeweHne 30 mmhvt m b qtot 
MOMeHT Ao6aBii5iiOT nunepMAHH-d 11 (0,5125 r, 
5,437 MMOJib). PeaiqvioHHyio CMecb 
nepeMewMBaioT b TeneHne AByx nacoB npw 
KOMHaTHoR TeMnepaType, KOHU,eHTpnpyioT Ha 
cunHKarejie m amoMpyioT cMecbio 
reiccaH/STMJiaueTaT (2:1), nonyMaa 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



1-(6eH3c4>ypa3aH-5wiKap6oHWi) 
AeKaAePlTeponwnepMAHH (91 1 ,1 Mr, 69%) b BHAe 
6neAHoro KpucTannnnecKoro TBepAoro 
BeiuecTBa c t. nnaBnennfl 88-89 °C. 

HK: 2213, 2113, 1624, 1517, 1416, 1233, 
1103, 970, 930, 897, 881, 872, 772, 740 M 
605 cm" 1 . 

1 H HMP (500 MHO 8 7,91 (1H, A. J=9.8 
ri\), 7,84 (1H, c) u 7,44 m.A- (1H, AA. 
j=9 < 4, 1,4 TlO- 

I1PHMEP 21: In vitro cf)M3MOXiorviHecKoe 
TecTMpoBaHne 

<Pn3HOJiornnecKoe AeCicTBMe coeAHHeHnCi 
HacTOfli^ero n3o6peTeHMJi TecTupywT in vitro c 
noMoi^bK) cpe30B KpucuHoro rvinnoKaMna 
cneAyioiMMM cnoco6oM. Bo36y>KAaioinMe 
peaiqun (none EPSP) H3MepHK)T b cpe3ax 
rvinnoKaMnoB, KOTopwe HaxoA^TCfl b 
perncTpupyioiMeK KaMepe, b KOTopyio 
HenpepbiBHO noAaioT MCKyccTBeHHyio 

CnHHHOM03TOByK) MCMAKOCTb (ACSF). B T&H6HHe 

15-30 MMHyrHbix nHTepBanoB nepc|)y3noHHyio 
cpeAy 3aMeH«»0T cpeAoH, <x>Aep>Kamefl 
pa3JinHHbie KOHUeHTpai^nn TecTupyeMboc 
coeAHHeHM«. PeaKLjHH, 3aperncTpnpoBaHHue 
HenocpeACTBeHHO ao h b KOHue nep0y3nn 
neKapcTBa, HauiaraioT Ann pacMeTa npoi^eHTa 
noBWUJeHun EPSP aMnni/iTyAbi. 

Ana nposeAeHMw ojvx TecTOB mnnoKaMn 
yAaiiflioT y aHecTe3npoBaHHbix AsyxMecflHHbix 
Kpwc ujTaMMa Cnpar-floyxin m npuroTaannBaioT 
in vitro cpe3bi (toxiimmhoCi 400 mkm), KOTopbie 
noMeL^aioT b Kawiepy c MHTepcfceRcoM npn 
35 °C, ncnorib3yfl oSbiHHyio MeTOAMKy (cm. , 
HanpuMep, Dunwiddie and Lynch, J. Physiol., 
276:353-367 (1978)). B KaMepy nocTOflHHO 
noAaiOT co CKOpocTbK) 0,5 mjt/mhh ACSF, 
coAep>KamyK) (b mM): NaCI 124, KCI 3, 
KH 2 P0 4 1,25, MgS0 4 2,5, CaCI 2 3,4, 
NaHC0 3 26, rnK>K03y 10 m L-acKop6aT 2. 
EunonapHbifi HuxpoMOBbt^ cTHMynnpyiomuft 
sneiapoA noMemaioT b ASHApnTHbi^ cnoK 
(stratum radiatum) rvinnoKaMnanbHoro cy6norifl 
CA1 b6jim3H rpaHMjbi cy6nonn CA3. 

HMnynbC TOKa (0,1 mkcck) nepea 
cTMMynnpyioL4M« aneiapoA atanBupyeT 
nonynnqnK) Schaffer-coeAUHHTeribHbrx botiokoh 

(SC), KOTOpbie BblXOAAT M3 He^pOHOB B 

noApa3Aene CA3 m oKaHHMBaioTcn b cviHancax 
Ha A^HAPHTax CA1 HeWpoHOB. AKTHBai^nfl stux 
cnHancoB 3acTaBn«eT mx BbiAermTb 
TpaHCMMTTepHbiR myTaMaT. TnyTaMaT 
cBW3UBaeTCfl c nocTCMHanTMMecKMMM AMP A 
peuenTopaMn, KOTopwe 3aTeM KpaTKOBpeMeHHo 

OTKpblBaJOT CB«3aHHbie C HMMH MOHHbie KaHanu 
M A3»OT B03MO>KHOCTb TOKy HBTpHfl npOHUKaTb B 

nocTCMHanTunecKyK) KneTicy. 3tot tok npMBOAMT 

K C03A3HMK) Hanpfl)KeHklP BO BHeiOieTOMHOM 

npocTpaHCTBe (none EPSP), KOTopoe 
3anncbtBaeTCfl pervicTpupyioi^nM aneiapoAOM c 
BbicoKHM.conpoTUBneHneM, pacnonoKeHHbiM b 
cepeAUHe stratum radiatum CA1 . 

flnfl 3KcnepnMeHTOB, cyMMnpoBaHHbrx b 
Ta6nni4e, HHTeHCMBHocTb CTMMynnpyiou4ero TOKa 
ycTaHaanMBaioT Tajcofi, MTo6bi nonynnTb 
nonoBMHy MaKCHManbHbix 3HaHeHnfl; EPSP 
(o6biMHO OKono 1,5-2,0 MBonbT). (lapHbie 
CTHMynnpyiotune nMnyxibcw noAaioT Kawe 40 
ceK c Me)KMMnynbCHbiMH MHTepBanaMU 200 
MKceK, cm. Aanee. Hone EPSP BTopo^ pea^nn 
ounc})poBbiBafOT m aHann3npyioT Ann 
onpeAeneHMfl aMnnnTyAbi. Ecnn peaici^nn 
OKa3biBaK)TCfl CTa6nnbHbiMM b TeneHwe 15-30 
muhvt (6a30Ba« niiHUfl), TecTOBue coeAHHeHMfl 
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AOoaB/inioT b nep$y3H0HHbie jimhmm b TeneHne 
okojio 15 MMHyT. 3aTeM nepc(>y3MK> B03Bpamai0T 
k perynnpHo8 ACSF. 

Hcnonb3yioT cTMMyrwijMK) napHbiwin 

HMnyjlbCaMH, T3K KaK CTMMynnU,Mn SC BOJIOKOH 

nacTUHHO aiansnpyeT MHTepHeflpoHbi, KOTopwe 
co3AaioT nHm6npyioiHM« nocTCMHanTMHecxMR 
noTeHi^nan (IPSP) b nupaMUflanbHbix KneTKax 
CA1 . 3to QABuraeT BnepeA TunnMHbie 3HaneHMn 
IPSP o6biMHbix 3HaMeHn« nocne Toro, KaK EPSP 
AocTuraeT CBoero nuKa. 3to ycKopneT 
penonRpM3auMio m yKopannBaeT cf)a3y 3aTyxaHMn 

EPSP M 3TO M0>K6T H3CTMHHO MaCKMDOBaTb 

304)eKTbJ TecrnpyeMbix coeAMHeHMfl. OahoA M3 
CBfl3aHHbJX C 3TMM ocooeHHOCTeM CABura 
BnepeA IPSP nB/weTcn to, hto y Hero HeT 

B03MOJKHOCTM DeaKTMBMDOBaTb B TeneHMe 

HecKonbKnx coTeH MunnnceKyHA nocne 
cTMMynnpyiomero MMnynbca. 3to naneHMe 

M05KHO MCnonb30BaTb, MT06bl c BblfOAOR 

HocnioMviTb IPSP, noAaBan napHbie MMnynbCbi, 
pa3AeneHHbie 200 MunnuceKynqaMH, m 
Mcno/ib3yn BTopyio ("npaflMMpoBaHHyK)") 
peaKi4HK) AJifl aHanM3a pe3ynbTaTOB. 

Pe3y/ibTaTbi b nepBofl KonoHKe Ta6nMU,bi 
noKa3bJBaioT onemcy KOHU.eHTpau.Mfi Ka>KAoro M3 
TecTupoBaHHbix cxDeflMHeHvitf, KOTopan 
noTpe6yeTcn aha noBbiweHMn aMnnniyAbi nonn 
EPSP ao BenuMMHbi Ha 10% Bbiiue 6a30Boro 
ypoBHn. BenMMHHbi b oonbiunHCTBe cnynaeB 
ycTaHOBJieHbi nyTeM MHTepnonmiMM, ho b Apymx 
cnynanx nyTeM sKCTpanonnuMM H3 
onpeAeneHHbix 3HaHeHnw. 

nPHMEP 22: noBeAeHMecKoe TecTupoBaHne 
Pe3ynbTaTbi bo btodoC* KonoHKe Ta6nnubi 

AeMOHCTpnpyK)T MHHUManbHytO 3C|Xf)eKTMBHyK> 

A03y (M3fl = MED 9 ) Ann aKTHBHOCTM b MOAenn 
Ann Kpbic c McnoxibsoBaHMeM MeTaM<£eTaMMHa, 
Ana oqeHKVi scJx^icthbhoctm HefipojienTMMecKMX 
neKapcTB Ann neMeHMn iun30cJ)peHMM (Larson et 
al., Brain Res., paHee). 3anncaHbi A03bi, 
KOTopwe cHuxaioT rvinepaKTMBHOCTb n/nnn 
cTepeoTMnnHecKyio aKTMBHocTb, 
HHAyunpoBaHHyra ocTpbiM BBeAeHMeM 2 Mr/xr 
MeTaMCf)eTaMMHa AayxMecnwHbiM xpucaM 
ujTawNia Cnpar-floy/iM. AKTMBHocTb 
pervicTpvipytoT b TeneHne 90 MMHyT, Mcno/ibsyn 
ABa pflA3 MHoacecTBeHHbix, napHbix 
MH$paKpacHbix AHOA-AeTexropoB c TeM, htoou 
hmkhmm pnA AeTeKTupoBan nepeAsn^xeHne, a 
BepxHMK pnA AeTeKTupoBan noBeAeHMe XBOCTa. 
flaHHbie co6npaioT m xpaHnT b nepcoHaribHOM 
KOMnbioTepe Ann nocneAyJOinero aHann3a. 

XoTn HacToniMee H3o6peTeHne 6bino 
onucaHo co ccbinKoi* Ha KDHKpeTHbie MeToppm n 
BonnoineHMn, cneAyeT noHMMaTb, mto; He 
BbixoAn 3a paMKM o&beMa n cy™ n3o6peTeHnn, 
mohcho ocymecTBHTb ero pasnnMHbie 

MOAMCpMKaLJMM. 

<I>opMyna n3o6peieHMfl: 

1. npon3BOAHbie 6eH3o4>ypa3aHa mxim 
6eH30-2,1,3-TnaAwa3ona o6meM 0opMynbt I 



<i> 



rAe R 1 npeACTaanneT kmcjiodoa hjim cepy; 
R 2 n R 3 He3aBHCHMO Bbi6npaioT H3 rpynnu, 
cocTonmefl M3 -N= , -CR= m -CX= ; 

M npeACTaanneT = N- unu = CR 4 -, rp,e R 4 v\ 
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R 8 He3aBHcnMo npeACTaannioT R vinn BMecTe 
o6pa3yiOT oahh cBn3yK)iMMti c})parMeHT, 
csn3biBaioiAMft M c BepiunHofl Konbua 2\ npuneM 
cBn3yK)i4MCi 4)panvieHT Bbj6npaiOT M3 rpynnw. 
cocTonmef* M3 npocToa CBn3M, -CRR'-, -CR- 
CR'-, -C(0>, -O-, -S(0)y-. -NR- m -N= ; m 

R 5 n R 7 HesaBMCMMO Bbi6npaK>T M3 rpynnw, 
cocToniMeR H3 -(CRR 1 ) n -, -0(0)-, -CR= CR'-, 
-CR= CX-, -CRX-, -CXX'-, -S- M -O-, m 

R 6 Bbi6npaK>T M3 rpynnbi, cocTonmefl H3 

-(CRRV. -C(°>. - CR= CR '-> - CRX "' - CXX '-' 
-S- m -0-; rAe XwX' He3aBncnMo Bbi6npaK)T M3 
-Br, -a, -F, -CN, -N0 2 . -OR, -SR, -NRR', 
-C(0)R- ( -CO2R mjih -CONRR', rAe ABe rpynnu 
R nnn R' y oahoR rpynnw X mjim y AByx 
coceAHMX rpynn X MoryT BMecTe o6pa30BbiBaTb 
KOflbl^O, R M R' He3aBMCMMO Bbi6npaiOT M3 (i) 
BOAopOAa, (ii) C1-C6 pasBeTaneHHoro nnn 
Hepa3BeTBJieH Horo anKvina mjih 

C3-C5 qMKnoanKMJia, KOTopu« Mo>xeT 6biTb 
HesaMeu^eHHbiM unu MoxeT 6biTb 3aMeiAeH 
oahom utih 6onee cf)yHKqvioHaribHoCi rpynno«, 
Bbi6paHHoii H3 ranoreHa, hutdo, suikokcm, 
ruAPOKcn, arwHfiTHO, aMMHo, KeTO, anbAernAa, 
KapOOHOBOfl KMCJlOTbl, cno>KHoro 3cJ)vipa 
Kap6oHOBO« KMcnoTbi unvi aMUAa Kap6oHOBo« 
KucnoTbi, n rAe Aae Taicvie amioinbHue rpynnbi y 
oAHoro aTOMa yrnepoAa hjih y coceAHnx aTOMOB 
yrnepoAa MoryT BMecTe o6pa30BbiBaTb KOJibL^o, 
m (iii) apuria, kotopw^ MoxeT 6uTb 
He3aMeu^eHHbiM mjim MoxeT 6biTb 3aMeuneH 
oahoR unw 6onee c})yHKUH0HanbH0« rpynnoti, 
Bbi6paHHoR H3 BOAopoAa, hutdo, a/iKOxcn, 
rviApoKCM, apunoxcH, a/iKuriTno, bmuho, koto, 
anbAernAa, KapooHOBofl kmcjiotu, cnoxHoro 
ocfMpa KapSoHOBOM KMcnoTbi win aMMAa 

Kap6OHOB0« KMCJlOTbl, m M p He3aBHCMMO DaBHW 

0 MJiM 1, n m y HesaBMCUMo paBHbi 0, 1 wnn 2, 
rAe "a/iKOKcn" o5o3HaMaeT anKuribHbi^ 3(})np, a 
"ajiKvuiTHo" o6o3HanaeT ariKuribHbi^ Tuooc^np, 
rAe M aJ^Kvu^ ,, coAepjKMT ot oahoto ao ceMM 
aTOMOB yrnepoAa; "apun" ooosHanaeT 
3aMeu^eHHbi« nnn He3aMei^eHHb!« 
OAHOBaneHTHbiM apoMaTMMecKMB paAnxan, 
coAep>xaiMnK oaho Koribi^o win HecKO/ibKO 
KOHAeHCupoBaHHbix Koiiei^, BKnioMan 
reTepouwcnvNecKvie apoMaTHMecxne KonbueBbie 
CMCTeMbi, coAepjKaiMne oamh unn HecKoribKO 
aTOMOB asoTa, KucnopoAa nnn cepw b Koribi^e, 
TaKne KaK (penun, Hac{)Tnn, MMHAa3on, cfcypwi, 
nuppo/i, nupnAnn w mhaoti, m M apnnoKcn H 
o6o3HaHaeT apu/ibHUft s4)np. 

2. CoeAMHeHne no n. 1, r^e R m R' 
He3aBMCMMO Bbi6npaiOT H3 (i) BOAopoAa, (ii) 
C pa3BeTBXieHHoro utim Hepa3BeTaneHHoro 
anKviJia nnn C3-C6 unKnoanKMna, KOTopu« 
MO>xeT 6biTb HesaMeiueHHbiM hjim MOKeT 6biTb 
3aMeu4eH oahoB win 6onee c})yHKi^MOHanbHO« 
rpynnoft, Bbi6paHHofi us BOAopoAa, hmtdo, 

aJIKOKCM, rVlAPOKCH, aJlKVUITMO, aMUHO, KeTO, 

anbAernA3, xapooHOBOfi KucnoTbi, cnoxcHoro 

3Cj3MDa KapOOHOBOK KMCJlOTbl MJ1U aMUAa 
Kap60HOBO« KMCJlOTbl, M TA6 AB6 T3KM6 

anKM/ibHwe rpynnu y oahoto aroMa yrnepoAa 
mum y coceAHMx aTOMOB yrnepoAa Moryr BMecTe 

06pa3OBUBaTb KO/lbUO. 

3. CoeAMHeHMe no n. 1 , rAe R 2 m 
R 3 npeACTaannioT -CR-, a M npeACTaanneT = 
CR 4 -. 

4. CoeAMHeHMe no n. 3, rAe p= 0, 
R 1 npeACTaanneT kmcjiodoa, a R 4 m 
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R 8 npeACTaannioT boaodoa. 
5. CoeAMHeHMe no n. 
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R 7 npeACTaanfuor -(CRR*) n -, a 
R 6 npeflCTaanfleT -(CRR*) m - 

6. CoeflUHeHne no n. 5, rAe R m R' 
npeflCTaannioT boaodoa, a m= n= 1, npMMewi 
yica3aHHoe CoeAHHeHMe HBjmeTCfl 
1-(6eH3o4>ypa3aH-5^4iiKap6oHnn)nnnep^QHHOM. 

7. CoeAHHeHMe no n. 3, rAe p= 0, 
R 1 npeACTaanweT cepy, R 4 R 8 . R w R' 
npeACTaarmjoT boaopoa n m= n= 1, npMMeiw 
yKa3aHHoe coeflUHeHne flanneTCfl 
1-(6eH30-2,1 ,3-TMaAna3on-5-viriKap6oHnn)nnnep 

MAMHOM. 

8. CoeAnnem/ie no n. 4, rAe 
R 5 npeAcraBnaeT -CR= CX-, R 6 npeACTaBnaeT 
-(CRROm-, R 7 npeACTaBJiaer -(CRRV. a m= 0. 

9. CoeAHHeHMe no n. 8, rAe R m R* 
npeACTaBnHKDT boaopoa 

10. CoeAHHeHne no n. 9, rAe X 
npeACTaanaeT cjyrop, a n= 1 , npvmeM yKa3aHHoe 
cx^eAHHeHne narmeTCfl 

1 _(6eH30ct)ypa3aH-5-MnKap6oHMn)-4-4)Top-1 ,2,3, 
6-TeTpan^AponnpHA^noM . 

11. CoeAHHeHMe no n. 4, ta© 
R 5 npeACTaarmeT -CR= CR\ R 6 npeAdaBnaeT 
-(CRR 1 )™-, R 7 npeACTaBJiqeT -(CRR'V, a m= 0. 

12. CoeAHHeHMe no n. 11, we R m R' 
npeACTaanfliOT boaopoa- 

13. CoeAHHeHne no n. 12, rAe n= 1, npMMew 
yKa3aHHoe CoeAHHeHMe flBnaeTCH 

1 -(6eH3o4>ypa3aH-5-umKap6oHnn)-1 ,2,3,6-TeTpar 
nAponnpnA^HOM. 

14. CoeAHHeHMe no n. 4, rAe R 5 m 
R 7 npeACTaanaioT -(CRR 1 ) n -, a 
R 6 npeACTaBn«eT -0(0)-, -CRX-, CXX\ -O- 
unw -S-. 

15. CoeAHHeHMe no n. 14, rAe 
R 6 npeACTaanaeT -CXX'-, Rw R' npeACTaanaiOT 
boaopoa, n= 1 , a X npeACTaBrmeT 4>Top, npvmeM 
yKa3aHHoe coeAHHeHMe aanfleTCH 

1 -(6eH3o4)ypa3aH-5-Mnicap6oHHJi)-4', 
4 -AHcf)Topnvi nepMA^HOM . 

16. CoeAHHeHMe no n. 14, rAe 
R 6 npeACTaanaeT -CRX-, RmR' npeACTaanatoT 
boaopoa, a n= 1 . 

17. CoeAHHeHne no n. 16, rAe yica3aHHoe 
coeAnneHMe Bbi6npai0T H3 
1 -(6eH304>y pa3aH-5-vm Kap6oHnn)-4'-0Topnn nep 
H£H Ha, 

1 -(eeH30t^ypa3aH-5-HJiicap5oHnn)-4'-L;naHonnne 
pHAHHa M 

1-(6eH30c})ypa3aH-5-MJiKapD0HMnH'-™AP0KCMnM 
nepnAnna. 

18. CoeAHHeHMe no n. 14, rAe 
R 6 npeAcraanfleT -O, -S-nnn -0(0)-, n= 1, a 
R m R' npeACTaariflJOT boaodoa, npnM6M 
yxasaHHoe coeAHHei-tne Bbi6npaK)T M3 
4-(6eH30c^ypa3aH-644nKap6cwiiJi)Nwpci)onviHa, 
4-(6eH30c^ypa3aH-5-vinKapowi^)TV40Mopc|)onHH 

a m 

4-(6eH3CKt)ypa3aH-5niJiKap6oHwi)-4-niinepMAOHa 

19. CoeAHHeHne no n. 1, rAe M 
npeACTaBJineT = CR 4 -, rAe R 4 h R a BMecTe 



10 



15 



20 



30 



o6pa3yK>T oTAenbHbift cBasyioiUMK cJ)parMem\ 
CBfl3biBa»oiMMPI M c BepujHHoR Konbua 2\ npnqeM 
3tot cBH3yjomntf c|)parMeHT npeACTaarifleT 
npocTyjo cBfl3b, -CRR-, -CR= CR-, -C(O)-, 
-O-, -S-, -NR- mjim -N= . 

20. CoeAMHeHue no . n. 19, rAe 
R 3 npeAPraanfliOT -CR= . 

21. CoeAHHeHMe no n. 20, rAe 
R 1 npeACTaBJineT kmcjiodoa, R 
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R 2 



P 5 = 



npeACTaanwoT -(CRR') 



R 6 npeACTaarmeT -(CRR 1 )™-- 

22. CoeAHHeHMe no n. 21, rAe n= 1. 

23. CoeAHHeHMe no n. 21, rAe CB*3yiomMM 
cfparMeHTOM nanfleTCfl -CRR'-, -O-, -S- mjim -N= . 

24. CoeAHHeHMe no n. 23, rAe cBasyioinMM 
c})parMeHTOM flanfleTca -O-. 

25. CoeAHHeHMe no nroooMy M3 nn. 1-24, 
npeAHa3HaMeHHbie ada ncnonb30BaHMfl 
coBMecTHo c c})apManeBTMMecKM npMeM/ieMbiM 
HOCMTeneM An« ycnneHHH AMPfl petjenTopHbix 
4>yHKUHfl y MfieKonHTawiAero. 

26. Cnocoo" jieneHMfl paccTpottaTB naMHTM 
mjim Apyrnx no3HaBaienbHbix c^yHKujiM, 
Bbi3BaHHbix rMnornyTaMaTepmMecKMM 

COCTOflHMeM MJIM Ae<t ) HU l HTOM KOnMHeCTBa MJIM 
3Cj)Cj)eKTMBHOCTM B036y>KAaiomMX CMHanCOB, H/IM 
KOiiMMecTBa flMPA peu,enTopoB, BKnioMaKnuMft 
BBeAeHMe cye-beicry, HywAaiomeMycfl b t3kom 
neneHMM, 3cjxt>eicrHBHoro KonMHecTBa 
coeAHHeHMfl no n. 1. 

27. Cnoco6 no n. 26 An« ne^eHMfl 

UJMSOCfjpeHMM MnM UJM3OC()peHMHeCK0rO 

rtOBeASHMR, B03HMKaK)lAMX M3-3a 

KOpTMKSin/CTpMapHOrO AHCOaiiaHCa, Bbl3B3HHOrO 

rMnornyTaMaTeprvmecKMM cocTOflHMeM hhm 

Ae<})Hl^MTOM KOnMMeCTBa MJIM 3(fxJ)eKTM BHOCTM 
B036y>KAaiOLU ( HX CMHanCOB HilM KOJIMHeCTBa 

flMPA peL^emopoB. 

28. CoeAMHeHHe no n. 25, McnonbsyeMoe 
An* oo/ierneHMfl M3yneHMfl noBeAeHMn, 
3aBMCfli4ero ot c^yHKi^MOHMpoBaHMfl AMPA 
pei^enTopoB. 

29. Cnoco6 no n. 26, no KOTopoMy bboaat 
cyG-beKTy coeAHHeHne no nio6oMy M3 nn. 2-18. 

30. Cnoco6 no n. 26, rAe ytca3aHHoe 
CoeAHHeHMe Bu6MpaiOT M3 rpynnw, cocTOBmen 
ms: 

1 -(6eH30^ypa3aH-5-Mnicap6oHMn)nMnepMAMHa. 
1 -(6eH30-2, 1 ,3-TMaAMa30n-5-MjiKap6oHMn)nMnep 

MAHHa, 

1 -(6eH3o4)ypa3aH-5-MJiKap6oHMJi)-4-<|)Top-1 ,2,3, 
6-TeTpan^AponMpMAMHa, 

1 -(6eH3o4)ypa3aH-54uiKap6oHMn)-4'-<t)TopnMnep 

MAHHa, 1-(6eH30$ypa3aH-5-HJiKap6oHMJi)-4\ 

4'-AMct)TopnMnepMAMHa, 

1 -(eeHsoc^ypasaH-S-MnKapooHMnJ^'-u^iaHonMne 

pMAHHa, 

1 -(6eH30c{)ypa3aH-5-MnKap6oHMJiH , - f ^AP OKC H nM 
nepHAHHa, 

4-(6eH304>ypa3aH-5-MJiKap6oHHJi) Mop^onMHa , 
4-(6eH30cj)ypa3aH-5-HJiKap6oHMJi)TMOMop<t)onHH 
a m 

4-(6eH3o4>ypa3aH-5-HnKap6oHMn)-4-nMnepMAOHa 
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DRUGS THAT ENHANCE SYNAPTIC RESPONSES 
MEDIATED BY AMPA RECEPTORS 
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FIELD OF INVENTION 

The present invention relates to novel compounds 
which are useful, for example, in the prevention of 

10 cerebral insufficiency, to enhance receptor functioning in 
synapses in those brain networks responsible for higher 
order behaviors, and the like. In a particular aspect, the 
invention relates to methods for the use of the compounds 
disclosed herein, and to methods for the preparation 

15 thereof . 

BACKGROUND OF THE INVENTION 

Excitatory synaptic currents at many (probably 
most) sites in telencephalon (cortex, limbic system, 
striatum; about 90% of human brain) and cerebellum occur 

20 when the transmitter glutamate is released by input axons 
onto what are usually referred to as the a-amino-3 -hydroxy - 
5-methyl-isoxazole-4-propionic acid (AMPA) , or 
AMPA /quisqualate, receptors. Drugs that enhance these 
receptor currents will facilitate communication in brain 

25 networks responsible for perceptual-motor integration and 
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higher order behaviors. It is also known from the 
literature [see Arai and Lynch in Brain Research, in press] 
that such drugs will promote the formation of long-term 
potentiation, a physiological effect widely held to encode 
5 memory . 

For example, Ito et al., J. Physiol. Vol. 
424 :533-543 (1990), discovered that aniracetam, 
N-anisoyl-2-pyrrolidinone, enhances AMPA receptor mediated 
currents without affecting currents generated by other 

10 classes of receptors. Unfortunately, however, the drug is 
effective only at high concentrations (-1.0 mM) applied 
directly to the brain. The low potency, limited 
solubility, and peripheral metabolism of aniracetam limit 
its utility as an experimental tool and its potential value 

15 as a therapeutic. There is a need, therefore, for the 
design and synthesis of new drugs that are more potent, 
more soluble and less readily metabolized than aniracetam. 
£uch compounds would provide new tools for manipulating the 
properties of the AMPA receptor and would be a major step 

20 towards a drug that could enhance AMPA receptor function in 
the brain after peripheral administration. 

BRIEF DESCRIPTION OF THE INVENTION 

We have discovered novel compounds that are 
several times more potent than aniracetam in enhancing 

25 synaptic responses (i.e, they produce larger effects than 
aniracetam at lower concentrations) . The invention 
compounds increase the strength of long-term potentiation 
and increase synaptic responses in the brain following 
peripheral administration. Invention compounds can be 

30 used, for example, to facilitate behaviors dependent upon 
AMPA receptor, as therapeutics in conditions in which 
receptors or synapses utilizing them are reduced in 
numbers, and the like. 
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BRIEF DESCRIP TION OF THE FIGURES 

Figure 1 shows that Invention Compound I (1-(1,4- 
benzodioxan-5-ylcarbonyl) -1 , 2,3 , 6-tetrahydropyridine; 
alternatively referred to as N- (3 , 4-ethylenedioxy) benzoyl- 
5 1,2, 3, 6-tetrahydropyridine) increases the amplitude and 
duration (measured as half-width) of synaptic responses in 
the field CA1 in in vitro slices prepared from rat 
hippocampus. These responses are known to be mediated by 
AMPA receptors [Muller et al., Science Vol. 242 ; 1694-1697 
10 (1988)]. Note that Invention Compound I at 750 |zM has a 
much larger effect than does aniracetam at twice the 
concentration (1500 /iM) • Note also that the effects occur 
quickly after infusion (horizontal bar) and reverse upon 
washout. 

15 Figure 2 compares the effects of three invention 

compounds, i.e., Invention Compound I (i.e., 1-(1,4- 
benzodioxan-5-ylcarbonyl) -1,2,3, 6-tetrahydropyridine) , 
Invention Compound II (i.e., l-(l,3-benzodioxol-5- 
ylcarbonyl) -piper idine) ; alternatively referred to as 

20 (N-(3,4-methylenedioxybenzoyl)piperidine, and Invention 
Compound III (i.e. , l-(l,3-benzodioxol-5-ylcarbonyl) - 
1,2,3, 6-tetrahydropyridine; alternatively referred to as 
N- ( 3 , 4-methylenedioxybenzoyl) -1,2,3, 6-tetrahydropyridine) 
with aniracetam across a range of dosages on two response 

25 size measures. The invention compounds are seen to be more 
potent than aniracetam; e.g., at 750 /iM, Invention Compound 
I produces a nine-fold greater increase in the response 
area than does aniracetam. 

Figure 3 shows that Invention Compound I 
30 increases the magnitude of long-term potentiation (induced 
by a standard physiological induction paradigm) over that 
obtained in the absence of the compound. 
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Figure 4 shows that Invention Compound I slows 
the decay rate of synaptic responses (a measure of the 
response duration) recorded in the hippocampal field CA1 of 
intact rats following peripheral administration of the 
5 compound. Data for eight rats injected intraperitoneal ly 
with Invention Compound I are compared with results from 
seven rats injected with the carrier vehicle. 

Figure 5 shows the distribution measured by PET 
scan of 11 C-labelled Invention Compound II in an appropriate 
10 carrier in a 200 gram rat after ip injection. Brain uptake 
is observed to plateau in 5-10 minutes at a distribution 
approximately one-quarter that of liver, two-thirds that of 
heart, and approximately equal to that of the head 
excluding the cranial cavity. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Release of glutamate at synapses at many sites in 
mammalian forebrain stimulates two classes of postsynaptic 
receptors usually referred to as AMPA/quisqualate and 
N-methyl-D-aspartic acid (NMDA) receptors. The first of 

20 these mediates a voltage independent fast excitatory gost- 
synaptic current (the fast epsc) while the NMDA receptor 
generates a voltage dependent, slow excitatory current - 
Studies carried out in slices of hippocampus or cortex 
indicate that the AMPA receptor-mediated fast epsc is by 

25 far the dominant component at most glutaminergic synapses 
under most circumstances. AMPA receptors are not evenly 
distributed across the brain but instead are largely 
restricted to telencephalon and cerebellum. They are found 
in high concentrations in the superficial layers of 

30 neocortex, in each of the major synaptic zones of 
hippocampus, and in the striatal complex [see, for example, 
Monaghan et al., in Brain Research 324 : 160-164 (1984)]. 
Studies in animals and humans indicate that these 
structures organize complex perceptual-motor processes and 
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provide the substrates for higher-order behaviors. Thus, 
AMPA receptors mediate transmission in those brain networks 
responsible for a host of cognitive activities. 

For the reasons set forth above, drugs that 
5 enhance the functioning of the AMPA receptor could have 
significant benefits for intellectual performance. Such 
drugs should also facilitate memory encoding. Experimental 
studies [see, for example, Arai and Lynch, Brain Research, 
in press] indicate that increasing the size of AMPA 
10 receptor-mediated synaptic response (s) enhances the 
induction of long-term potentiation (LTP) . LTP is a stable 
increase in the strength of synaptic contacts that follows 
repetitive physiological activity of a type known to occur 
in the brain during learning. 

15 There is a considerable body of evidence showing 

that LTP is the substrate of memory; for example, compounds 
that block LTP interfere with memory formation in animals, 
and certain drugs that disrupt learning in humans 
antagonize the stabilization of LTP [see, for example, 

20 del Cerro and Lynch, Neuroscience 4£:l-6 (1992)]. 
Recently, Ito et al. (1990) supra , uncovered a possible 
prototype for a compound that selectively facilitates the 
AMPA receptor. These authors found that the nootropic drug 
aniracetam (N-anisoyl-2-pyrrolidinone) increases currents 

25 mediated by brain AMPA receptors expressed in Xenopus 
oocytes without affecting responses by K-amino-butyric acid 
(GABA) , kainic acid (KA) , or NMDA receptors. Infusion of 
aniracetam into slices of hippocampus was also shown to 
substantially increase the size of fast synaptic potentials 

30 without altering resting membrane properties. It has since 
been confirmed that aniracetam enhances synaptic responses 
at several sites in hippocampus, and that it has no effects 
on NMDA-receptor mediated potentials [see, for example, 
Staubli et al. , in Psychobiology 18 : 377-381 (1990) and Xiao 

35 et al., in Hippocampus 1:373-380 (1991)]. Aniracetam has 
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also been found to have an extremely rapid onset and 
washout, and can be applied repeatedly with no apparent 
lasting effects; these are valuable traits for 
behaviorally-relevant drugs* 

5 Without wishing to be bound by any particular 

theory of action, it is presently believed to be likely 
that the major effect of aniracetam is to slow the 
unusually rapid rate at which AMPA receptors desensitize. 
The compound also greatly prolongs synaptic responses. 

10 This would be expected if it increased the mean open time 
of AMPA receptor channels by delaying desensitization. 
Indeed, it has been found that aniracetam prolongs the open 
time of AMPA receptor responses and blocks their 
desensitization in membrane patches excised from 

15 hippocampal neurons in culture; the magnitude of the effect 
corresponds closely to the increase in the duration of 
synaptic responses (recorded in culture or slices) produced 
by the drug [Tang et al., Science 254- 288-290 (1991)]. 
Aniracetam may also produce other changes in receptor 

20 properties; it causes a small but reliable decrease in the 
binding of agonists (but not antagonists) to the receptor 
[Xiao et al., 1991, supra 1 and may also slightly enhance 
the conductance of the receptor channel [Tang et al. 
supra 1 . 

25 Aniracetam is classified as a nootropic drug. 

Nootropics are proposed to be "cognitive enhancers 11 [see 
Frbstl and Maitre, Pharmacopsychiatry Vol. 22:54-100 
(Supplement) (1989)] but their efficacy in this regard is 
highly controversial. Several nootropics have been tested 

30 in slices [see, for example, Olpe et al. , Life Sci. Vol. 
31:1947-1953 (1982); Olpe et al., Europ. J. Pharmacol. Vol. 
80:415-419 (1982); Xiao et al., 1991, supra 1 and only 
aniracetam and its near relative (R) -l-p-anisoyl-3-hydroxy- 
2 -pyrrol idinone (AHP) facilitate AMPA receptor mediated 

35 responses. Hence, whatever effects the nootropics might 
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have are not mediated by facilitation of fast epsc. It is 
also the case that peripheral administration of aniracetam 
is not likely to influence brain receptors. The drug works 
only at high concentrations (-1.0 mM) and about 80% of it 
5 is converted to anisoyl-GABA following peripheral 
administration in humans [Guenzi and Zanetti, J. 
Chromatogr. Vol. 530:397-406 (1990)]. The metabolite, 
anisoyl-GABA, has been found to have no aniracetam-like 
effects. 

10 The conversion of aniracetam to anisoyl-GABA 

involves a break in the pyrrolidinone ring between the 
nitrogen and the adjacent carbonyl group, as illustrated 
below: 



15 



20 




In order to overcome the stability problems with 
aniracetam, and in efforts to provide compounds with 
improved physiological activity, we have developed a number 
25 of compounds having such improved properties. 

Therefore, in accordance with the present 
invention, there are provided novel compounds having the 
structure: 
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wherein: 

-Y- is selected from: 

O 
II 

10 -C-(CH 2 ) y -, wherein y is 3, 4, or 5; or 

1 

-C-CyR^y.^- ; when -J- is selected from: 

i i 

15 -CH- or -N-; or 

-(CR 2 ) X -, wherein x is 4, 5, or 6, 

~ C x R <2x-2>~' when ~ J ~ is: 

I I 
-N- or -CH-; 

20 -R is hydrogen or a straight chain or branched 

chain alkyl group having 1-6 carbon atoms; 

each -M- is independently selected from: 
-C(H)-, or 

-C(Z)-, wherein Z is selected from: 
25 HR or 

-OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from -C^H^,-, 
" c n' H <2n'-i>"' ~°~ or -NR- # wherein n' is 0 or 
30 l; 

each -Y 1 - is independently selected from: 
-0-, 
-NR- or 
-N=; and 
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-Z'- is selected from: 

~( CR 2)z~' wherein z is 1, 2, or 3, or 
-C x# R (2lM) -, wherein z' is 1 or 2 , when one 
-Y 1 - is -N=, or 

5 -C 2 R 2 - when both -Y 1 - are -N= or both -Y 1 - 

are -0-; 

with the proviso that when each M is -C(H)-, each 
Y f is -0-, and Z % is -CH 2 - r then Y is not -(CH 2 ) 4 5 -; or 



10 




wherein: 



-Y-, -J- and -M- are as defined above , or 



15 




wherein : 



20 



-Y-, -J- and -M- are as defined above. 



In a presently preferred embodiment of the 
present invention, -Y- is selected from: 

-(CH 2 ) X -, wherein x is 4 or 5 , 

-C x H (2x . 2) -, wherein x is 4 or 5, or 
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o 

II 

-C-(CH 2 ) y -, wherein y is 3 or 4 . 

In another presently preferred embodiment of the 
5 present invention, Z f is selected from -CR 2 -, -CR 2 -CH 2 -, 
-CR=, or -CR=CH~, wherein each R is independently H or a 
straight chain or branched chain alkyl group having 1-6 
carbon atoms, as defined above. 

In still another presently preferred embodiment 

10 I I 

of the present invention, -J- is -N-. 

In yet another presently preferred embodiment of 
the present invention, each Y 1 is -0-, and Z' is -CH 2 - or 
-CH 2 -CH 2 -. This pattern of substitution is especially 
15 preferred when -Y- is selected from one of the preferred 
groups set forth above. 

When the aromatic ring is not further substituted 
with a fused heterocyclic ring, preferred substituent -NR 2 
(i.e., where the ring bears a para-substituent) is -NH(CH 3 ) 
20 or -N(CH 3 ) 2 , while preferred substituent -OR (i.e., where 
the ring bears a meta-substituent) is -OCH 3 . 

Especially preferred compounds of the present 
invention have the following structures: 
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R' 



wherein -J- is -N-, -CH-C(O)- or -N-C(O)-, Y 1 is O, N or 
10 NR', Y" , when present, is 0, N or NR 1 , R 1 is H or a 
straight chain or branched chain alkyl group having 1-4 
carbon atoms, a=3, 4, 5 or 6, b = an even number between 
6-12, inclusive, depending on the value of "a", c = 1 or 2, 
d = 0, 1 or 3, or the combination of Y 1 and C^-R' produces 
15 a dialkylamino derivative thereof (wherein a dialkylamino 
group replaces the heterocyclic ring fused to the core 
aromatic ring) . 

A specific example of a presently preferred 
compound is 1- ( 1 , 4-benzodioxan-5-ylcarbonyl) -1,2,3,6- 
20 tetrahydropyridine (referred to herein as Invention 
Compound I) , is shown below: 



25 
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Another example of a presently preferred compound 
is (1- (1, 3-benzodioxol-5-ylcarbonyl) -piper idine) (referred 
to herein as Invention Compound II) , shown below: 




(ID 



10 



A variant of Invention Compounds I and II, in which the 
nitrogen-containing heterocycle is replaced with a 
cyclopentanone or cyclohexanone ring, is expected to be 
especially metabolically stable and can be synthesized as 
15 follows: 



20 



25 




o 

N 




30 




1 H 3 0 
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c 



5 




(IV) 



The above compound is referred to herein as Invention 
Compound IV. EC 50 data for this and a number of other 

10 compounds described herein have been determined and are 
presented in the Examples. Additional preferred compounds 
of the invention include Invention Compound V (i.e., (R,S)- 
!_ (2-methyl-l,3-benzodioxol-5-ylcarbonyl) -piperidine, 
Invention Compound XIV (i.e., l-(quinoxalin-6-ylcarbonyl)- 

15 piperidine, Invention Compound XV (i.e., 
N- ( 4-dimethylamino) benzoy 1-1 ,2,3, 6-tetrahydropyr idine , and 
the like. 

In accordance with another embodiment of the 
present invention, there are provided methods for the 

20 preparation of the above-described compounds. One such 
method comprises: 

(a) contacting a benzoic acid derivative 
under conditions suitable to activate the carboxy group 
thereof for the formation of an amide therefrom. This is 

25 accomplished, for example, by activating the acid with 
carbonyl diimidazole, by producing the corresponding 
benzoyl chloride derivative, and the like. The benzoic 
acid derivative employed for the preparation of the above- 
described compounds typically has the structure: 
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CO,H 




wherein -M-, -X'-, and Z' are as defined above; or 



C0 2 H 




10 wherein -M- and -R are as defined above; or 



C0 2 H. 



M 




OR 



wherein -Y-, -M- and -A* are as defined above; and 
15 (b) contacting the activated benzoic acid 

derivative produced in step (a) with a nitrogen-containing 
heterocyclic compound of the structure: 
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Y N-H 

W 

wherein Y is as defined above, wherein said contacting is 
carried out under conditions suitable to produce the 
desired imides or amides (i.e., aniracetam-like compounds). 

5 Conditions suitable for activating the carboxy 

group of the benzoic acid (i.e., for the formation of an 
amide therefrom) can readily be determined by those of 
skill in the art. For example, the benzoic acid can be 
contacted with carbonyl diimidazole (see, for example, Paul 

10 and Anderson in J. Am. Chem. Soc. 82:4596 (I960)), a 
chlorinating agent (such as thionyl chloride or oxalyl 
chloride) , or the like, under conditions suitable to 
produce an activated acid, such as the corresponding 
benzoyl chloride derivative. See, for example, March, 

15 Advanced Organic Chemistry: Reactions , Mechanisms — and 
Structure . McGraw-Hill, Inc. 1968. 

Suitable reaction conditions used to carry out 
the step (b) condensation are well known to those of skill 
in the art. The artisan also recognizes that care is 
20 generally taken to carry out such reactions under 
substantially anhydrous conditions. 

Another method for the preparation of the 
compounds of the present invention comprises: 

(a) contacting a benzoic acid derivative 
25 (as described above) with at least two equivalents of a 
suitable base in suitable solvent, then contacting the 
resulting ionized benzoic acid derivative with pivaloyl 
chloride or a reactive carboxylic acid anhydride under 
conditions suitable to produce a mixed anhydride containing 
30 said benzoic acid; and 
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(b) contacting said mixed anhydride produced 
in step (a) with a nitrogen-containing heterocyclic 
compound (as described above) , wherein said contacting is 
carried out under conditions suitable to produce the 

5 desired imides or amides (i.e., aniracetam-like compounds). 

Suitable bases contemplated for use in this 
embodiment of the present invention include tertiary amine 
bases such as triethyl amine, and the like. Suitable 
solvents contemplated for use in the practice of the 
10 present invention include inert solvents such as CH 2 Cl 2 , 
alcohol-free CHC1 3 , and the like- Reactive carboxylic acid 
anhydrides contemplated for use in the practice of the 
present invention include trif luoroacetic anhydride, 
trichloroacetic anhydride, and the like. 

15 Suitable reaction conditions used to carry out 

the above-described reaction are well known _to those of 
skill in the art. The artisan also recognizes that care is 
generally taken to carry out such reactions under 
substantially anhydrous conditions. 

20 Yet another suitable method for the preparation 

of the compounds of the present invention comprises: 

(a) contacting 3 , 4- (alkylenedihetero) - 

benzaldehyde with ammonia under conditions suitable to form 

an imine derivative thereof, 
25 (b) contacting the imine produced in step 

(a) with: 

0 

II 

Cl-C-0-CH 2 -C 6 H 5 

30 under conditions suitable to form a benzyloxycarbonyl (BOC) 
imine, 

(c) contacting the product of step (b) with 
a simple conjugated diene such as butadiene under 
cycloaddition reaction conditions; and 
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(d) contacting the reaction product of step 
(c) with a Lewis acid under conditions suitable for 
Friedel-Crafts acylation to occur. 

3 , 4- (alkylenedihetero) benzaldehydes contemplated 
5 for use in the practice of the present invention include 
3 , 4- (methylenedioxy) benzaldehyde, 3 , 4- (ethylenedioxy) - 
ben z aldehyde, 3,4- (propy lenedioxy ) benzaldehyde , 

3 . 4- (ethylidenedioxy) benzaldehyde, 3 , 4- ( propyl enedithio) - 
benzaldehyde, 3 , 4- ( ethyl idenethioxy ) benzaldehyde, 

10 4-benzimidazolecarboxaldehyde,4-quinoxalinecarboxaldehyde, 
and the like. 

Simple conjugated dienes contemplated for use in 
the practice of the present invention include butadiene, 
1, 3-pentadiene, isoprene, and the like, 

15 Lewis acids contemplated for use in the practice 

of the present invention are well known in the art and 
include A1C1 3 , ZnCl 2 , and the like. See, for example, 
March, supra . 

Still another suitable method for the preparation 
20 of the compounds of the present invention comprises: 

(a) contacting 2, 3-dihydroxy naphthalene 
with 1, 2-dibromoethane in the presence of base under 
conditions suitable to produce an ethylenedioxy derivative 
of naphthalene, 

25 (b) contacting the ethylenedioxy derivative 

of naphthalene produced in step (a) with a suitable 
oxidizing agent under conditions suitable to produce 

4 . 5- ethylenedioxyphthaldehydic acid , 

(c) contacting the product of step (b) with 
30 anhydrous ammonia under conditions suitable to form, an 
imine, which is then treated with a suitable carbonyl- 
activating agent (e.g., a carbodiimide such as 
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dicyclohexylcarbodiimide) under cyclization conditions 
suitable to form an acyl imine, and 

(d) contacting the product of step (c) with 
a simple conjugated diene under conditions suitable for 
5 cycloaddition to occur. 

Suitable oxidizing agents contemplated for use in 
the practice of the present invention include potassium 
permanganate, and the like. Oxidizing conditions suitable 
to produce 4 , 5-ethylenedioxyphthaldehydic acid are 
10 described, for example, in Organic Synthesis, Collective 
Volume 2, at page 523.(1943). 

Treatment of 4 , 5-ethylenedioxyphthaldehydic acid 
with anhydrous ammonia initially forms an imine, which is 
then treated with a suitable carbonyl-activating agent 
15 which, under appropriate reaction conditions, promotes 
cyclization of the intermediate imine to produce an acyl 
imine. 

Suitable reaction conditions used to carry out 
the above-described reactions are well known to those of 
20 skill in the art. The artisan also recognizes that care is 
generally taken to carry out such reactions under 
substantially anhydrous conditions. 

In accordance with yet another embodiment of the 
present invention, there are provided methods for enhancing 
25 synaptic responses mediated by AMPA receptors. The method 
comprises administering to a subject an effective amount of 
a compound having the structure : 
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5 

wherein: 

-Y- is selected from: 
O 

« 

10 -C-(CH 2 ) y -, wherein y is 3, 4, or 5; or 

O 

1 

-OCyR^.jj-; when -J- is selected from: 
I I 

15 -CH- or -N-; or 

-(CR 2 ) x - # wherein x is 4, 5, or 6, 

~ C x R <2x-2)*"' when ~ J ~ i s: 

I I 
-N- or -CH-; 

20 -R is hydrogen or a straight chain or branched 

chain alkyl group having 1-6 carbon atoms; 

each -M- is independently selected from: 
-C(H)-, or 

-C(Z)-, wherein Z is selected from: 
25 -R, or 

-OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from -C^H^,-, 
~ c n' H <2n'-i>~' "°" or -NR-, wherein n 1 is 0 or 
30 l; 

each -Y 1 - is independently selected from: 
-0-, 
-NR- or 
-N=; and 
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is selected from: 

-(CR 2 ) Z -, wherein z is 1, 2, or 3, or 
~ c z' R <2z'-n~' wherein z 1 is 1 or 2 f when one 

-Y'- is -N=, or 
-C 2 R 2 - when both -Y are -N= or both -Y 1 - 

are -0-; or 




NR 2 



10 wherein: 

-Y- and -M- are as defined above, or 




OR 



15 wherein: 

-Y- and -M- are as defined above. 

Invention compounds are demonstrated in the 
examples which follow to be substantially more potent than 
aniracetam in increasing AMPA receptor function in slices 
20 of hippocampus. For example, Invention Compound I is shown 
to facilitate induction of maximal long-term potentiation 
in vitro, and to reversibly prolong synaptic responses in 



-Z' 



5 
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the hippocampus following peripheral (i-e., 
intraperitoneal) injections in anesthetized rats. 

The above-described compounds can be incorporated 
into a variety of formulations (e.g., capsule, tablet, 
5 syrup, suppository, injectable form, etc.) for 
administration to a subject. Similarly, various modes of 
delivery (e.g., oral, rectal, parenteral, intraperitoneal, 
etc.) can be employed. Dose levels employed can vary 
widely, and can readily be determined by those of skill in 
10 the art. Typically, amounts in the milligram up to gram 
quantities are employed. Subjects contemplated for 
treatment with the invention compounds include humans, 
domesticated animals, laboratory animals, and the like. 



Invention compounds can be used, for example, as 
15 a research tool for studying the biophysical and 
biochemical properties of the AMPA receptor and the 
consequences of selectively enhancing excitatory 
transmission on the operation of neuronal circuitry. Since 
invention compounds reach central synapses, they will allow 
20 for testing of the behavioral effects of enhancing AMPA 
receptor currents. 



Metabolically stable variants of aniracetam have 
many potential applications in humans. For example, 
increasing the strength of excitatory synapses could 

25 compensate for losses of synapses or receptors associated 
with aging and brain disease (e.g., Alzheimer's). 
Enhancing AMPA receptors could cause more rapid processing 
by multisynaptic circuitries found in higher brain regions 
and thus could produce an increase in perceptual -motor and 

30 intellectual performance. As another example, since 
increasing AMPA receptor-mediated responses facilitates 
synaptic changes of the type believed to encode memory, 
metabolically stable variants of aniracetam are expected to 
be functional as memory enhancers. 
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Additional applications contemplated for the 
compounds of the present invention include improving the 
performance of subjects with sensory -motor problems 
dependent upon brain networks utilizing AMPA receptors; 
5 improving the performance of subjects impaired in cognitive 
tasks dependent upon brain networks utilizing AMPA 
receptors; improving the performance of subjects with 
memory deficiencies; and the like. 

Accordingly, invention compounds, in suitable 

10 formulations, can be employed for decreasing the amount of 
time needed to learn a cognitive, motor or perceptual task. 
Alternatively, invention compounds, in suitable 
formulations, can be employed for increasing the time for 
which cognitive, motor or perceptual tasks are retained. 

15 As another alternative, invention compounds, in suitable 
formulations, can be employed for decreasing the quantity 
and/ or severity of errors made in recalling a cognitive, 
motor or perceptual task. Such treatment may prove 
especially advantageous in individuals who have suffered 

20 injury to the nervous system, or who have endured disease 
of the nervous system, especially injury or disease which 
affects the number of AMPA receptors in the nervous system. 
Invention compounds are administered to the affected 
individual, and thereafter, the individual is presented 

25 with a cognitive, motor or perceptual task. 

The invention will now be described in greater 
detail by reference to the following non-limiting examples. 
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EXAMPLES 
Example I 

Preparation of (R.Sl-l-f 2-methvl-l - 3-benzodioxol- 
S-ylcarbonvll - piperidine (V) 

5 The synthesis of 2-methyl-l, 3-benzodioxole is 

conducted by the procedure of Nichols and Kostuba (J. Med. 
Chem 22:1264 (1979)). A solution of 10.3 g (76 mmol) of 
2-methyl-l, 3-benzodioxole and 21 ml of acetic anhydride is 
treated with 3.5 ml BF 3 etherate at 0"C for 24 hr and at 
10 -20 *C for three days. The reaction solution is poured into 
250 ml 1M Na 2 C0 3 and extracted with ether. The ether is 
dried over Na 2 S0 4 , then removed under reduced pressure. 
Purification and distillation under reduced pressure yields 
the ketone, 5-acetyl-2-methyl-l, 3-benzodioxole. 

15 The above-described ketone is oxidized to the 

acid by dissolution in aqueous dioxane/NaOH and treatment 
with Br 2 and iodoform reagent (KI/I 2 in aqueous NaOH) . 
Excess halogen is destroyed with Na 2 S0 3 and the aqueous 
solution extracted with CH 2 C1 2 , then ether. Acidification 

20 of the aqueous solution with cone. HCl yields 2-methyl- 
l,3-benzo-dioxbl-5-ylcarboxylic acid, which can be 
crystallized from CHCl 3 /CCl A /petroleum ether. 1 H NMR 6 1.71 
(d, 3, J = 5 Hz) , 6.36 (q, 1, J = 5 Hz) , 6.81 (d, 1, J = 
8.2 Hz), 7.46 (d, 1, J = 1.6 Hz), and 7.71 ppm (dd, 1, J = 

25 1.6,8.2 Hz) . 

The above-described acid is coupled to piperidine 
by first activating the acid with a suitable reagent. 
Specifically, the acid is suspended in CH 2 C1 2 and stirred 
with one equivalent carbonyl diimidazole (CDI) . After 30 
30 min, 10% excess piperidine is added. After the reaction is 
complete (usually less than 1 hr) , the solution is 
extracted with aqueous HCl, water, and aqueous NaHC0 3 . The 
organic solution is dried over Na 2 S0 4 and CH 2 Cl 2 removed 
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under reduced pressure. Crystallization of the resulting 
oil by methods known in the art gives (R,S)-l-(2-methyl- 
l,3-benzodioxol-5-ylcarbonyl) -piper idine (V) as a white 
solid. . *H NMR S 1.5-1.7 (br m, 6) , 1.68 (d, 3, J = 5.0 Hz) , 
5 6.29 (q, 1, J = 4.9Hz), 6.75 (d, 1, J = 7.9 Hz), 6.84 (d, 
1, J = 0.93 Hz), and 6.88 (dd, 1, J = 8.0, 1.0 Hz). 

Example II 

Alternate synthesis of fR. S) -1- f 2-methyl-l . 3- 
benzodioxol-5-vlcarbonvl l -oiperidine (V) 

10 Catechol (11.0 g; 0.100 mol) is dissolved in 50 

ml of ether and 29 g of freshly-prepared dioxane dibromide 
(Yanovskaya, Terent*ev and Belsn'kii), J. Gen. Chem. Vol. 
22:1594 (1952)) is added slowly as a solution in 50 ml of 
ether. The organic solution is washed with water (3 times) 

15 and dried over MgS0 4 . The solvent is removed under reduced 
pressure to yield 4-bromocatechol as a red-brown oil. 1 H 
NMR 6 5.52 (s, 1), 5.70 (s, 1), 6.74 (d, 1, J=8.74 Hz), 
6.92 (dd, 1, J=8.3, 2.3 Hz), and 7.01 ppm (d, 1, J=2.6 Hz). 

4-Bromocatechol (18.9 g, 0.100 mol) is dissolved 
20 in 200 ml dry toluene and 20 ml vinyl acetate is added at 
once, followed by 0.20 g mercuric oxide and 0.4 ml BF 3 
etherate. After standing for 10 hr, the solution is 
extracted with 0.5 M NaOH until the aqueous layer is 
strongly basic (pH > 12) . The organic solution is dried 
25 over K 2 C0 3 and filtered to remove the drying agent. Removal 
of the toluene under reduced pressure and treatment of the 
resulting oil with silica gel in petroleum ether (low 
boiling) gives 18 g of (R,S)-5-bromo-2-methyl-l, 3- 
benzodioxole as a yellow oil, 1 H NMR S 1.67 (d, 1, J=4.78 
30 Hz), 6.27 (q, 1, J=4.72 Hz), 6.63 (d, 1, J=8.11 Hz), and 
6.88-6.93 ppm (m, 2). 



Conversion of the brorooaromatic derivative to the 
substituted benzoic acid is accomplished by the well-known 
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Grignard reaction (or other suitable method known in the 
art) . Specifically, the bromoderivative is dissolved in 
dry tetrahydrof uran and combined with magnesium. Ttie 
resulting Grignard reagent is treated with gaseous carbon 
5 dioxide. The reaction solution is quenched with aqueous 
HC1 and the product acid is extracted into ether. The 
ether solution is extracted with aqueous bicarbonate and 
the bicarbonate solution is then washed with ether or other 
suitable organic solvent. The bicarbonate solution is 
10 neutralized with cone. HCl to yield 2-methyl-l, 3-benzo- 
dioxol-5-ylcarboxylic acid, which can be crystallized from 
CHCl 3 /CCl 4 /petroleum ether, as described above. The acid is 
then coupled to piperidine as described above, to produce 
the desired product. 

15 Example III 

Synthesis of l-( 1 . 4-benzodioxan-5-vlcarbonYl) - 
1.2.3. 6-tetrahydropyridine (I) 

1, 4-benzodioxan-6-carboxylic acid (also known as 
3,4-ethylenedioxybenzoic acid) was synthesized by the 
20 oxidation of commercially available 3 , 4-ethylene- 
dioxybenzaldehyde with potassium permanganate, as described 
in Org. Syn. 2:538 (1943). 

1, 4-benzodioxan-6-carboxylic acid (3.0 g; 16.7 
mmol) was suspended in 40 mL of dichloromethane. The acid 
25 dissolved upon addition of 3.7 g (2.2 equivalents) of 
triethylamine. Addition of 2.0 g of pivaloyl chloride was 
exothermic, and produced a dense precipitate. The mixture 
was stirred at room temperature for about 20 minutes, then 
1.52 g of 1,2, 3, 6-tetrahydropyridine was slowly added. 

30 Product was purified by diluting the reaction 

mixture with an equal volume of diethyl ether, followed by 
sequential extractions with 1) 1 M HCl, 2) aqueous sodium 
bicarbonate, and 3) aqueous sodium carbonate. The organic 
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solution was dried over sodium sulfate and potassium 
carbonate. Removal of solvent on a rotary evaporator gave 
4.07 g of a pale yellow, viscous oil. Electron impact mass 
spectroscopy (EIMS) showed the parent ion at an m/z value 
5 of 245, and a base peak at 163 for the acylium ion. 
Nuclear magnetic resonance spectroscopy (NMR) at 500 MHz 
revealed resonances at 6.97 (1H, d, J=1.81); 6.93 (1H, dd, 
J=8.23, 1.86); 6.87 (1H, d, J=8.23); 5.5-5.9 (2H, m) ; 4.27 
(4H, s); 3.4-4.3 (4H, m) ; and 2.2 ppm (2H, br s) , relative 
10 to TMS. 

Example IV 

Alternate synthesis of l-(1.4-benzodioxan-5- vlcarbonvl)- 
1.2.3. 6-tetrahvdropyr idine ( I ) 

Synthesis is performed in the same manner as 
15 described for the preparation of Invention Compound VIII 
with substitution of 1,2,3, 6-tetrahydropyridine for 
3-pyrroline. EIMS m/z =245 (parent), 163 (base), 35, and 
107. *H NMR 6 2.2 (br s, 2), 3.4-4.3 (m, 4), 4.27 (s, 4), 
5.5-5.9 (m, 2), 6.87 (d, 1, J - 8.23 Hz) , 6.93 (dd, 1, J - 
20 8.23, 1.86 HZ), and 6.97 ppm (d, 1, 1.81 Hz). 13 C NMR 6 
64.27 and 64.44 (-OCH 2 CH 2 0-) and 170.07 ppm (carbonyl) . 

Example V 

Preparation of 1- ( 1 . 3-benzodioxol-5-vlcarb onvl) - 
1.2.3. 6-tetrahvdro-pvr idine fill) 

25 The product amide is made by the method employed 

for the preparation of Invention Compound V, which uses 
carbonyl diimidazole in order to activate piperonylic acid, 
or piperonyloyl chloride (available from Aldrich) can be 
combined with 1,2,3, 6-tetrahydropyridine either in a 

30 suitable anhydrous solvent or without solvent. In either 
case, the isolation of product is performed in the same 
manner as done for Invention Compound V to give Invention 
Compound III as a white solid. EIMS m/z = 231 (parent, 149 
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(base), and 121. 1 H NMR 6 2.21 (br s, 2), 3. 4-4,3 (br m, 
4), 5.87 (m, 2), 6.00 (s, 2), 6.83 (d, 1, J = 7,84 Hz), and 
6.92-6.96 (dd and d, 2). 13 C NMR 6 101.3 (-OCH 2 0-) and 169.9 
ppra (carbonyl) . 

5 Example VI 

Preparation of l-( 1, 3-benzodioxol-5-vlca rbonvl) - 
hexamethvleneimine (VII) 

The product amide is made by the same method as 
employed for the preparation of Invention Compound V, which 

10 uses carbonyl diimidazole in order to activate piperonylic 
acid, or piperonyloyl chloride can be combined with 
hexamethyleneimine in a suitable anhydrous solvent or 
without solvent. In either case, the isolation of product 
is performed in the . same manner as done for Invention 

15 Compound V to yield Invention Compound VII as a colorless 
oil. 1 H NMR 5 1.6 (br m, 6) , 1.83 (br m, 2) , 3.4 (br m, 2) , 
3.63 (br ro, 2), 5.98 (s, 2), and 6.78-6.9 (m, 3). 

Example VII 

Preparation of 1- ( 1 . 4-benzodioxan-5-vlcarbonvl) - 
20 3-pyrroline (VIII) 

1, 4-Benzodioxan-6-carboxaldehyde is oxidized to 
the corresponding acid by the procedure of Shriner and 
Kleiderer in Organic Syntheses, Coll. Vol. 2:538 (1943). 
Coupling of the acid with 3-pyrroline is conducted by 

25 employing the same method as employed for the preparation 
of Invention Compound V, which uses carbonyl diimidazole in 
order to activate the carboxylic acid, or any other method 
known in the art, such as, for example, activation by the 
reaction of the triethylammonium salt with trimethylacetyl 

30 chloride. The product is crystallized from 

CCl 4 /Et 2 0/hexanes. EMIS m/z = 231 (parent), 163 (base), 
135, and 107. 1 H NMR 6 4.25-4.30 (ro, 6), 4.43 (br, 2), 5.75 
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(m, 1), 5.85 (m, 1)/ 6.88 (d, 1, J = 8.42 Hz), 7.06 (dd, 1, 
J = 8.38, 2.03 Hz) , and 7.09 (d, 1, J = 2.05 Hz) . 

Example VIII 
Preparation of 1- (1. 3-benzoxazol-6-v lcarbonvl) - 
5 1.2.3. 6-tetrahvdopvridine (IX) 

3-Amino-4-hydroxybenzoic acid (1.0 g; 6.5 mmol) 
is suspended in 3 ml diethoxymethyl acetate and heated to 
reflux for 45 min. The cooled solution is diluted with 
ether and 1.02 g of 1, 3-benzoxazol-6-carboxylic acid is 
10 collected by filtration. . EMIS m/z = 163 (parent), 146 
(base) , and 118 • 

Coupling of 1, 3-benzoxazol-6-carboxylic acid with 
1 , 2 , 3 , 6-tetrahydropyridine is performed in the same manner 
as described for the preparation of Invention Compound V 

15 through activation with carbonyl diimidazole or by 
activation with other suitable reagents such as oxalyl 
chloride. The product can be isolated by the same methods 
as described for the isolation of Invention Compound V and 
purified by chromatography on silica gel. EIMS m/z = 228 

20 (parent), 146 (base), and 118. *H NMR 6 2.2 (br, 2), 3.4- 
4.3 (br m, 4), 5.7-5.95 (br m, 2), 7.52 (dd, 1, J = 8.39, 
1.49 Hz), 7.64 (d, 1, J » 8.41 Hz), 7.87 (d, 1, J - 1.32 
Hz), and 8.16 ppm (s, 1). 

Example IX 

25 Preparation of 1- (1 , 3-benzoxazol-6-vlcarbonvl) - 

pjperidine (X) 

The amide is prepared by coupling 1, 3-benzoxazol- 
6-carboxylic acid with piperidine by activation of the acid 
with carbonyl diimidazole as described for the preparation 
30 of Invention Compound V. Dilution of the reaction solution 
with more CH 2 C1 2 causes the product to precipitate. 
Purification is achieved by chromatography on silica gel. 
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EMIS m/z = 230 (parent), 229, 146 (base), and 118. 1 H NMR 
S 1.55 (bri, 4), 1.70 (br, 2), 3.4 (br, 2), 3.75 (br, 2), 
7.48 (dd, 1, J = 8.29, 1.22 Hz) , 7.62 (d, 1, J - 8.44 Hz) , 
7.84 (d, 1, J = 1.00 Hz), and 8.15 ppm (s, 1). 

5 Example X 

Preparation of l- (l ■ 3-benzoxazo l-5-vlcarbonvl) - 
1.2.3. 6-tfitrahvdrop vridine f XI) 

4-Amino-3-hydroxybenzoic acid is converted into 
l,3-benzoxazol-5-carboxylic acid by treating with 

10 diethoxymethyl acetate as described for the preparation of 
Invention Compound IX. EMIS m/z = 163 (parent) , 146 
(base), 118, 90, and 63. Coupling of. the acid with 
1 , 2 , 3 , 6-tetrahydropyridine is performed in the same manner 
as described for the preparation of isomeric Invention 

15 Compound IX. 'h NMR S 2.1-2.4 (br, 4), 3.4-4.3 (br m, 4), 
5.5-5.95 (br m, 2), 7.45 (dd, 1, J = 8.17, 1.41 Hz), 7.70 
(d, 1, J = 0.96 Hz) , 7.83 (d, 1, J - 8.16 Hz) , and 8.18 ppm 
(s, 1). 

Example XI 

20 Preparation of 1- ( 1 . 3-benzimidazoT -5-ylcarbonyl) - 

ni pyridine (XII) 

5-Benzimidazolecarboxylic acid is coupled to 
1 , 2 , 3 , 6-tetrahydropyridine by activation of the acid with 
carbonyl diimidazole in CH 2 C1 2 plus 10% (v/v) 
25 dimethylformamide. Purification is achieved by 

chromatography on silica gel. FABMS m/z 455 (parent dimer 
+1), 228 (parent +1), and 145. 
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Example XII 

Preparation of 1- (quinoxalin-6-vlcarbonvl) - 
1.2,3, 6-tetrahvdropvridine ( XIII ) 

3,4-Diaminobenzoic acid (2.0 g; 13 mmol) is 
5 dispersed into 50 ml absolute ethanol. To the chocolate- 
brown slurry is added 2.2 g (15 mmol) of glyoxal (40% in 
water) that has been dissolved in 10 ml of ethanol. The 
mixture is stirred at room temperature for 24 hr. The 
light sand-brown 6-quinoxalinecarboxylic acid is collected 
10 by filtration and washed with ethanol and diethyl ether. 
EMIS m/z = 174 (base), 157, 147, 129, and 120. 

6-Quinoxalinecarboxylic acid (320 mg; 1.8 mmol) 
is suspended in 10 ml methylene chloride. As the 
suspension is stirred, 2 equivalents of triethylamine are 

15 added, followed by 0.22 ml (1.8 mmol) of trimethyiacetyl 
chloride. After 15 min, 164 ul (1.8 mmol) of 1,2,3,6- 
tetrahydropyridine is added and the solution is stirred 
overnight. The solution is diluted with 20 ml of diethyl 
ether and washed with 10 ml water followed by 10 ml 10% 

20 NaC0 3 . The organic solution is dried over Na 2 S0 4 /K 2 C0 3 and 
concentrated to a red-brown oil. Purification by 
chromatography on silica, gel (eluted with CC1 4 /CHC1 3 1:1) 
gives a pale yellow oil that eventually solidifies. The 
solid is layered with hexane and finely dispersed by 

25 mechanical crushing to yield pale yellow XIII . EMIS m/z = 
239 (parent), 157 (base), and 129. 1 H NMR S 2.22 and 2.34 
(br, 2), 3.54, 3.94, 3.97, and 4.29 (br, 4), 5.5-6.0 (br, 
2), 7.85 (dd, 1, J = 8.7, 1.3 Hz), 8.15 (d, 1, J = 1.6 Hz), 
8.18 (br d, 1, J = 8.5 Hz), and 8.90 ppm (s, 1). 



4' • 
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Example xm 
Preparation of 1- ( qui noyalin-6-ylcarbonvl} - 
pippridine fXIVl 

The coupling of 6-quinoxalinecarboxylic acid to 
5 piperidine is accomplished in a manner similar to that used 
for the preparation of Invention Compound XIII, or by any 
other method known in the art for activation of aromatic 
carboxylic acids, such as, for example, activation by 
carbonyl diimidazole. 1 H NMR 6 1.56 and 1.73 (br, 6), 3.40 
10 (br s, 2), 3.79 (br s, 2), 7,82 (dd, 1, J-8.8, 1.9Hz), 8.13 
(d, 1, J=1.6 Hz), 8.17 (d, 1, 8.6 Hz), and 8.9ppm (m, 2). 

Example XIV 
In Vitro Physiolo gical Testing 



The physiological effects of invention compounds 
15 can be tested in vitro with slices of rat hippocampus as 
follows. Excitatory responses (field EPSPs) are measured 
in hippocampal slices which are maintained in a recording 
chamber continuously perfused with artificial cerebrospinal 
fluid (ACSF) . During the 15 minute interval indicated by 
20 the horizontal bar in Figure 1, the perfusion medium is 
switched to one containing either 1.5 mM aniracetam (left 
panel) or 750 yM of Invention Compound I (right panel). 
Responses collected immediately before (1) and at the end 
of drug perfusion (2) are shown as superimposed inserts in 
25 Figure 1 (calibration bars: horizontal 10 milliseconds, 
vertical 0.5 mV) . The y-axis of the main graph shows the 
area of the response before, during and after drug 
perfusion, expressed as percent of the baseline value; and 
each data point represents a single response. 

30 To conduct these tests, the hippocampus was 

removed from anesthetized, 2 month old Sprague-Dawley rats 
and in vitro slices (400 micrometers thick) were prepared 
and maintained in an interface chamber at 35 °C using 
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conventional techniques [see, for example, Dunwiddie and 
Lynch, J. Physiol. Vol. 276: 353-367 (1978)]. The chamber 
was constantly perfused at 0.5 ml/min with ACSF containing 
(in mM): NaCl 124, KC1 3, KH 2 P0 4 1.25, MgS0 4 2.5, CaCl 2 3.4, 
5 NaHC0 3 26, glucose 10 and L-ascorbate 2. A bipolar 
nichrome stimulating electrode was positioned in the 
dendritic layer (stratum radiatum) of the hippocampal 
subfield CA1 close to the border of subfield CA3 . 

Current pulses (0.1 msec) through the stimulating 
10 electrode activate a population of the Schaf f er-commissural 
(SC) fibers which arise from neurons in the subdivision CA3 
and terminate in synapses on the dendrites of CA1 neurons. 
Activation of these synapses causes them to release the 
transmitter glutamate. Glutamate binds to the post- 
15 synaptic AMPA receptors which then transiently open an 
associated ion channel and permit a sodium current to enter 
the postsynaptic cell. This current results in a voltage 
in the extracellular space (the field excitatory fiost- 
synaptic potential or field "EPSP") which is recorded by a 
20 high impedance recording electrode positioned in the middle 
of the stratum radiatum of CA1. 

For the experiments summarized in Figure 1, the 
intensity of the stimulation current was adjusted to 
produce half-maximal EPSPs (typically about 1.5 - 2.0 mV) . 

25 Paired stimulation pulses were given every 40 sec with an 
interpulse interval of 200 msec (see below). The field 
EPSPs of the second response were digitized and analyzed to 
determine amplitude, half-width, and response area. If the 
responses were stable for 15-30 minutes (baseline) , test 

30 compounds were added to the perfusion lines for a period of 
about 15 minutes. The perfusion was then changed back to 
regular ACSF. 

Paired-pulse stimulation was used since 
stimulation of the SC fibers, in part, activates 
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interneurons which generate an inhibitory gostsynaptic 
potential (IPSP) in the pyramidal cells of CA1. This feed 
forward IPSP typically sets in after the EPSP reaches its 
peak. It accelerates the repolarization and shortens the 
5 decay phase of the EPSP, and thus could partially mask the 
effects of the test compounds. One of the relevant 
features of the feed-forward IPSP is that it can not be 
reactivated for several hundred milliseconds following a 
stimulation pulse. This phenomenon can be employed to 
10 advantage to eliminate IPSP by delivering paired pulses 
separated by 200 milliseconds and using the second 
("primed") response for data analysis. 

The field EPSP recorded in field CA1 after 
stimulation of CA3 axons is known to be mediated by AMPA 

15 receptors: the receptors are present in the synapses 
[Kessler et al. , Brain Res. Vol. 560: 337-341 (1991)] and 
drugs that selectively block the receptor selectively block 
the field EPSP [Muller et al., Science, supra] . Aniracetam 
increases the mean open time of the AMPA receptor channel 

20 and as expected from this increases the amplitude of the 
synaptic current and prolongs its duration [Tang et al. 
Science, supra]. These effects are mirrored in the field 
EPSP, as reported in the literature [see, for example, 
Staubli et al., Psychobiology supra ; Xiao et al., 

25 Hippocampus supra ; Staubli et al., Hippocampus Vol. 2: 49- 
58 (1992)]. The same can be seen in the superimposed EPSP 
traces of Figure 1 (left hand panel) which were collected 
before (1) and immediately after (2) the infusion of 1.5 mM 
aniracetam. The drug augmented the amplitude of the 

30 response and extended the duration of the response. The 
latter effect is responsible for most of the increase in 
the area (net current) of the response which is plotted in 
the main graph as a function of time before, during, and 
after drug infusion. In these tests, as in the published 

35 literature, aniracetam has a rapid onset following 
infusion, and reverses quickly upon washout. 
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The right hand panel of Figure 1 summarizes a 
typical experiment with Invention Compound I used at 750 mM 
(i.e., one half the concentration of aniracetam). The 
invention compound produced the same qualitative effects as 
5 aniracetam as shown in field EPSPs collected immediately 
before and immediately after a 15 minute infusion. As is 
evident upon inspection of the data in Figure 1, the 
magnitude of the effects was much greater even though the 
concentration of invention compound used was only 50% of 

10 that of aniracetam. The same can be seen in the main graph 
(Figure 1, right hand panel), which shows the effects of 
Invention Compound I on the area of the field EPSPs as a 
function of time. Invention compound is similar to 
aniracetam in that it effected a rapid onset of action and 

15 was fully reversible upon washout. Comparison of the two 
panels in Figure 1 illustrates the extent to which 750 MM 
of Invention Compound I was more potent than 1.5 mM 
aniracetam. 

Example XV 

20 Generation of Dose-response curves and derived EC. n values 
for Invention Compounds and aniracetam 

Invention Compounds I ( ( 1- ( 1 , 4-benzodioxan-5- 
y Icarbonyl ) -1 , 2 , 3 , 6-tetrahydropyridine) , II ( 1- ( 1 , 3- 
benzodioxol-5-ylcarbonyl) -piperidine) , III (1-(1,3- 

25 benzodioxol-5-y Icarbonyl) -1,2,3, 6-tetrahydropyridine) , and 
aniracetam were assayed in the physiological test system 
described for the generation of data presented in Figure 1. 
The left panel of Figure 2 shows the effect of each test 
compound on the amplitude, while the right panel shows the 

30 effect of each test compound on the area of synaptic 
responses. Each point is the mean of 2-10 independent 
determinations. The regression lines were calculated 
assuming a standard hyperbolic saturation function. 
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The invention compounds produced dose-dependent 
increases in both measures (i.e., in maximum amplitude and 
response area) and were effective at concentrations as low 
as 100 /iM. Invention Compound I at this dose enhanced the 
5 area of the field EPSP by 4 6 ± 16 % (mean and S.D. of 4 
experiments). As readily seen upon inspection of Figure 2, 
each of the three invention compounds was significantly 
more potent than aniracetam at all dosages tested. For 
example, Invention Compound I (tested at dosages in the 
10 range of 750 nH to 1.5 mM) produced a 6-9 times greater 
effect on response area than did aniracetam at the same 
concentrations . 



The percent increase in field EPSP amplitude was 
determined for a variety of Invention Compounds, and 

15 aniracetam, as described above, and used to construct log 
dose/response curves in order to estimate EC 50 values for 
each compound. ECjq values are presented in the following 
table. Where maximal responses could not be obtained due 
to limited solubility of some of the compounds, a maximal 

20 response corresponding to an increase of 85% was assumed. 
The variables set forth in the table refer to the following 
generic structure: 
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Example XVI 

Promotion of long-term potentiation by invention compounds 

Long-term potentiation (LTP; a stable increase in 
the EPSP size of single responses after brief periods of 
5 high frequency stimulation) was elicited in the CA1 field 
of hippocampal slices in the absence (see Figure 3, 
stippled bars, N=6) and in the presence of 1.5 mM of 
Invention Compound I (see Figure 3, striped bars, N=5) . In 
the latter case, the amount of potentiation was determined 
10 after washing out the test compound and comparing the 
response size with that before test compound infusion. 
Data presented in Figure 3 show the percent increase in the 
EPSP amplitude (mean and S.D.) at 40, 60, and 90 minutes 
after LTP induction. 

15 For these studies, field EPSPs in slices of 

hippocampus were elicited by single stimulation pulses and 
recorded by extracellular electrodes as described in 
Example II. After collecting responses every 40 seconds 
for 20-30 minutes to establish a baseline, LTP was induced 

20 with ten short bursts of pulses delivered to the CA3 axons; 
each burst consisted of four pulses separated by 10 
milliseconds; the interval between the bursts was 200 
milliseconds. This pattern of axon stimulation mimics a 
discharge rhythm observed in the hippocampus of animals 

25 engaged in learning and is referred to as the "theta burst 
stimulation paradigm" [see, for example, Larson and Lynch 
in Science Vol. 232 : 985-988 (1986)]. Testing with single 
pulses (one every 40 seconds) is then carried out for an 
additional 60-90 minutes to determine the amount of stable 

30 potentiation in the EPSP amplitude. As shown in Figure 3, 
the two second long period of burst stimulation (i.e., 10 
bursts separated by 200 milliseconds) increased the size of 
the field EPSPs in control slices (stippled bars) by about 
25%. The increase in the EPSP size was stable for the 

35 duration of the recording (90 min in the experiments shown 
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in Figure 3). Equivalent experiments in rats with 
chronically implanted electrodes have shown that the 
increase in EPSP size lasts for as long as stable 
recordings can be maintained, typically on the order of 
5 weeks [see Staubli and Lynch, in Brain Research 435: 
227-234 (1987)]. This phenomenon is referred to in the 
literature as long-term potentiation (LTP) . 

To determine the effect of test compound on the 
induction of LTP, 1.5 mM of Invention Compound I was 

10 infused for 15 minutes prior to application of theta burst 
stimulation. Test compound was then washed out until the 
EPSP half-width (which is changed by test compound, but not 
by LTP) had returned to its pre-treatment level. The 
amplitude of the field EPSPs was then compared to that 

15 observed before infusion of test compound and burst 
stimulation to determine the amount of LTP. The striped 
bars in Figure 3 summarize the results (mean and S.D.) of 
five experiments. As is evident upon inspection of Figure 
3, the degree of stable long-term potentiation produced by 

20 burst stimulation applied in the presence of Invention 
Compound I was nearly twice as large as that induced by the 
same stimulation administered in the absence of the drug 
(p<0.02) . 

There is much evidence linking long-term 
25 potentiation to memory encoding. Therefore, the data 
summarized in Figure 3 provide grounds for predicting that 
Invention Compound I will be effective in intact animals as 
a memory enhancer. 
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Example XVII 

Effect of intraperitoneal^ inje cted Invention Compound I 
on monosynaptic EPSP r esponses in the rat hippocampus 

Stimulating and recording electrodes were placed 
5 in the hippocampus of anesthetized rats so as to activate 
and monitor the same synaptic responses as in the slice 
studies described in Example XV, Figure 4 shows the size 
of the normalized decay time constant of the response (mean 
± S . E . M . ) before and after a single intraperitoneal 
10 injection (arrow) of Invention compound I (circles, n=8) or 
cyclodextrin/saline vehicle (diamonds, n=7). The time 
constant for the decay of the EPSP is a measure for the 
duration of the response. 

In these experiments, male Sprague-Dawley rats 
15 were anesthetized with urethane (1.7 g/kg) and body 
temperature was maintained at 37 °C with the use of a heat 
lamp. A stimulation electrode (two twisted stainless steel 
wires, 150 jut diameter, insulated with teflon) was placed 
stereotaxically in the trajectory of the Schaffer 
20 collateral (SC) pathway from CA3 to CA1 of the hippocampus 
(coordinates relative to Bregma: 3.5 mm P., 3.5 mm L. , and 
3.0-3.7 mm V) . A recording electrode (stainless steel, 150 
Mm diameter, insulated with teflon) was placed in the 
ipsilateral CA1 field (coordinates relative to Bregma: 3.8 
25 mm P. , 2.9 mm L. , and 2.2-2.8 mm V.), 100-200 jim ventral to 
the electrophysiologically-identif ied CAl stratum 
pyramidale (i.e., in the stratum radiatum) . 

Negative field potentials reflecting dendritic 
EPSPs evoked by SC stimulation (0.1 ms pulses, 10-100 mA) 
30 with paired pulses (inter-pulse interval of 200 msec; see 
methodology described in Example XV) were amplified 500 
times and digitized by computer at 20 sec intervals 
throughout each experiment. Test compound (120-180 mg/kg 
of invention compound I in 20% w/v 2-hydroxypropyl- 
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beta-cyclodextrin in 50% saline vehicle) or vehicle 
(1.5-2.1 g/kg) injections were made i.p. Stable synaptic 
responses for 10-60 min before and 60-180 min after 
injection were obtained in all animals used for the 
5 analysis shown in Figure 4. The time course of the decay 
time constant was plotted since the prolongation of EPSP 
was the most prominent effect of Invention Compound I in 
hippocampal slices. Decay time constants were determined 
by single exponential fits to the decay phase of the 
10 synaptic response and expressed as a percent of the value 
obtained during the pre-injection control period. 

As is evident from inspection of Figure 4, the 
test compound produced a rapid increase in the duration of 
the synaptic response, and this effect reversed within 

15 60-120 minutes of the injection. The effect of Invention 
Compound I was somewhat larger for the second (primed) 
response of the paired stimulation. The effect on response 
duration is typical for this group of compounds (cf. 
responses 1 and 2 in the right panel of Figure 1) . Other 

20 manipulations which have been used in slices to modulate 
synaptic responses in general had little effect on the 
decay time constant [see, for example, Xiao et al. (1991) 
supra]. These results indicate that sufficient amounts of 
the test compound cross the blood-brain barrier to augment 

25 AMPA receptor functioning in situ, and that test compound 
influences the response in much the same way as low doses 
of Invention Compound I directly applied to hippocampal 
slices. The on-going hippocampal electroencephalogram was 
continuously monitored in these experiments and in no case 

30 did injections of Invention Compound I produce 
electrographic seizures. 
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Example XVIII 
Distribution of Invention Compound II 
after intraperitoneal injection 

To be effective, nootrophic drugs, or their 
active metabolites, must pass the blood brain barrier or 
be introduced directly through the blood brain barrier. 
To test the ability of invention compounds to pass the 
blood-brain barrier, Invention Compound II was labelled 
with carbon-11. 



10 Radiolabeled Invention Compound II (see the 

table above) is synthesized by the following scheme 
(wherein the numbers in parenthesis refer to the quantity 
of reagent used, in millimoles) : 

11 C0 2 Br 2 (0.25) ImHCl (0.17) 

15 ArMgBr > Ar C0 2 '*MgBr ► ► 

(0.23) 5 min + 2 min 1 min 

ArMgBr 

CDI (0.34) RjNH (0.56) 

Ar C0 2 H ► Ar coim > Ar C0NR 2 

20 + 5 min + 5 min + 

ArBr ArBr ArBr 



wherein Ar is aryl (such as methylenedioxybenzene) , Im is 
imidazole (thus, ImHCl is imidazole hydrochloride) , and R 
is an alkyl or alkylene radical (so that R 2 NH is, for 

25 example, piperidine) . 11 C-labelled CO z is produced by 

cyclotron irradiation and subsequently used in the above- 
described synthetic scheme. The time to complete the 
synthesis is about 22 min (2 times the half -life of 
carbon- 11 ) . After purification of [ 11 C]H on C 18 Sep Pak, 

30 260 fiCi was diluted with 20 mg of nonradioactive II as 
carrier in a 1-ml solution of 23% propylene glycol and 
10% ethanol in physiologically-buffered saline in order 
to simulate the dosage of 100 mg/Kg that was used in 
behavioral studies. The final 1 ml of solution was 



WO 94/02475 PCT/US93/06916 

42 

administered to a 200 g rat under halothane anesthesia 
(1.4-1.7% in oxygen) by intraperitoneal (i.p.) injection. 

Biodistribution of the radiotracer in the body 
of the rat was monitored by a positron camera 
5 (Scanditronix PC2048-15B) and the time-activity curves 
were constructed using a Vax 3500 (Digital Equipment 
Corporation) and shown in Figure 5. Four regions of 
interest were selected: a) liver, upper curve (□) ; 
b) heart, second curve from top ( ♦ ) ; c) "soft" or muscle 
10 tissue, third curve from top at 30 min (0); d) brain, 
bottom curve (□) . 

The results presented in Figure 5 indicate that 
uptake in liver peaked about 3 minutes after injection, 
uptake in heart and brain peaked about 5 minutes after 
15 injection and uptake in soft tissues peaked about 17 
minutes after injection. Levels in the liver declined 
markedly for the first 5 minutes after peaking and then 
more gradually. Levels in the other three tissues 
declined very gradually after peaking. 

20 Not surprisingly, liver showed the maximum 

uptake, followed by heart. Of particular importance is 
the fact that uptake in the brain was nearly as effective 
as uptake in the heart, and as much as a quarter that of 
liver. This demonstrates that Invention Compound II 

25 passes freely through the blood-brain barrier. 

Further, entry of Invention Compound II into 
its target tissue was relatively rapid and stayed in the 
brain for an extended period. These properties indicate 
that invention compounds may be administered shortly 
30 before they are needed, and that frequent 
readministration may not be necessary. 
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The invention has been described in detail with 
reference to particular embodiments thereof. It will be 
understood, however, that variations and modifications 
can be effected within the spirit and scope of the 
5 invention. 
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We claim: 

1. A compound having the structure: 




10 



wherein: 

-Y- is selected from: 
O 

-C-(CH 2 ) y -, wherein y is 3, 4, or 5; or 
o 

-C-CyR^y.^-; when -J- is selected from: 

15 | | 

-CH- or -N-; or 

-(CR 2 ) X -, wherein x is 4, 5, or 6, 

-C x R (2x . 2) -, when -J- is: 

i i 

20 -N- or -CH-; 

-R is hydrogen or a straight chain or branched 
chain alkyl group having 1-6 carbon atoms; 

each -M- is independently selected from: 
-0(H)-, or 

25 -C(Z)-, wherein Z is selected from: 

-R, or 
-OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from 

30 - c n< H 2n<-< - c n H (2n'-ir' "°- or ~ NR ~' wherein 

n 1 is 0 or 1; 
each -Y f - is independently selected from: 
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-o-, 

-NR-' or 
35 -N=; and 

-Z'- is selected from: 

-(CR 2 ) Z -, wherein z is 1, 2, or 3, or 
-C zf R (2lM) -, wherein z 1 is 1 or 2, when one 
-Y 1 - is -N=, or 

40 -C 2 R 2 - when both -Y»- are -N= or both -Y 1 - 

are -0-; 

with the proviso that when each Mis -C(H)-, 
each Y' is -0-, and Z' is -CH 2 -, then Y is not -(CH 2 ) A5 -; 
or 



45 




wherein: 

50 -Y-, -J- and -M- are as defined above, or 




OR 



wherein: 

55 



-Y-, -J- and -M- are as defined above. 
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2. A compound according to claim l wherein -Y- 



is 



O 
II 

-C-(CH 2 ) y -, and y is selected from 3 or 4. 



3. A compound according to claim 2 wherein 
each Y 1 is -0-, and Z % is -CH 2 -. 

4. A compound according to claim 1 wherein Y 
is -( c R ( 2 X -2))x~' and x * s selected from 4 or 5. 

5. A compound according to claim 1 wherein Z' 
is selected from -CR 2 -, -CR 2 -CH 2 - , -CR=, or -CR=CH-, 
wherein each R is independently H or a straight chain or 
branched chain alkyl group having 1-6 carbon atoms. 

6. A compound according to claim 2 wherein -OR 

is -och 3 . 

7. A compound according to claim 4 wherein -NR 2 
is -N(CH 3 ) 2 . 

8. A compound according to claim 1 having the 

structure : 



5 
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10 wherein: 

III I 

-J- is -N-, -CH-C(O)- or -N-C(O)-, 
Y 1 is O, N or NR f , 

Y" is optional, and when present, is 0, N or 

15 NR\ 

R' is H or a straight chain or branched chain 

alkyl group having 1-4 carbon atoms, 
a = 3, 4, 5 or 6, 

b = an even number between 6-12, inclusive, 
20 depending on the value of a, 

c = 1 or 2, 
d = 0, 1 or 3, or 

the combination of Y 1 and C c H d -R f produces a 

dialkylamino derivative thereof, wherein a 
25 dialkylamino group replaces the 

heterocyclic ring fused to the core 
aromatic ring. 

9 . A method for producing the compound of 
claim 1 comprising: 

(a) contacting a benzoic acid derivative 
under conditions suitable to activate the carboxy group 
5 thereof for the formation of an amide therefrom, wherein 
said benzoic acid derivative has the structure: 



10 




wherein -M-, -Y 1 -, and Z 1 are as defined above; or 
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CO,H 



15 




wherein -M- and ^R are as defined above; or 



C0 2 H 




20 wherein -M- and -R are as defined above; and 

(b) contacting the activated benzoic acid 
derivative produced in step (a) with a nitrogen- 
containing heterocyclic compound of the structure: 




25 wherein Y is as defined above, wherein said contacting is 
carried out under conditions suitable to produce the 
desired imides or amides. 

10. A method according to claim 9 wherein the 
carboxy group of said benzoic acid derivative is 
activated for the formation of an amide therefrom by 
contacting with carbonyl diimidazole. 
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11. A method for producing the compound of 



claim 1 comprising: . 



(a) contacting a benzoic acid derivative 



with at least two equivalents of a suitable base in 
5 suitable solvent, then contacting the resulting ionized 
benzoic acid derivative with pivaloyl chloride or a 
reactive carboxylic acid anhydride under conditions 
suitable to produce a mixed anhydride containing said 
benzoic acid, wherein said benzoic acid derivative has 
10 the structure: 




C0 2 H 



15 



wherein -M-, -Y 1 and Z 1 are as defined above; or 




C0 2 H 



NR 2 



20 wherein -M- and -R are as defined above; or 
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wherein -M- and -R are as defined above; and 
25 (b) contacting said mixed anhydride produced in 

step (a) with a nitrogen-containing heterocyclic compound 
of the structure: 




wherein Y is as defined above, wherein said contacting is 
30 carried out under conditions suitable to produce the 
desired imides or amides. 

12 . A method for producing the compound of 
claim 1 comprising: 

(a) contacting 3 ,4- (methylenedihetero) - 
benzaldehyde with ammonia under conditions suitable to 

5 form an imine derivative thereof, 

(b) contacting the imine produced in step 

(a) with: 

O 

i 

10 Cl-C-0-CH 2 -C 6 H 5 

under conditions suitable to form a benzyloxy carbonyl 
imine, 

(c) contacting the product of step (b) 
with a simple conjugated diene under cycloaddition 

15 reaction conditions; and 
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(d) contacting the reaction product of 
step (c) with a Lewis acid under conditions suitable for 
Friedel-Crafts acylation to occur. 

13. A method according to claim 12, further 
comprising separating the enantiomers produced in the 
Friedel-Crafts reaction. 

14. A method for producing the compound of 
claim 1 comprising: 

(a) contacting 2, 3-dihydroxy naphthalene 
with 1,2-dibromoethane in the presence of base under 

5 conditions suitable to produce an ethylenedioxy 
derivative of naphthalene, 

(b) contacting the ethylenedioxy 
derivative of naphthalene produced in step (a) with a 
suitable oxidizing agent under conditions suitable to 

10 produce 4 , 5-ethylenedioxyphthaldehydic acid, 

(c) contacting the product of step (b) 
with anhydrous ammonia under conditions suitable to form 
an imine, which is then treated with a suitable carbonyl- 
activating agent under cyclization conditions suitable to 

15 form an acyl imine, and 

(d) contacting the product of step (c) 
with a simple conjugated diene under conditions suitable 
for cycloaddition to occur. 

15. A formulation useful for enhancing 
synaptic responses mediated by AMPA receptors, said 
formulation comprising: 

a compound according to claim 1, and 
5 a pharmaceutically acceptable carrier. 

16. A method for the treatment of a subject to 
enhance synaptic response mediated by AMPA receptors, 
said method comprising administering to said subject an 
effective amount of a compound having the structure: 
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10 wherein: 

-Y- is selected from: 
o 

-c-(CH 2 ) y -, wherein y is 3, 4, or 5; or 

15 O 

-C-CyR^y^-; when -J- is selected from: 

I I 
-CH- or -N-; or 

20 -( c * 2 ) x -' wherein x is 4, 5, or 6, 

I I 
-N- or -CH-; 

-R is hydrogen or a straight chain or branched 

25 chain alkyl group having 1-6 carbon atoms; 

each -M- is independently selected from: 

-C(H)-, or 

-C(Z)-, wherein Z is selected from: 
-R, or 

30 -OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from 
-C^,-, -C n H (2n ,. ir , -O- or -NR-, wherein 
n* is 0 or 1; 

35 each -Y 1 - is independently selected from: 

-0- # 
-NR- or 
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-N=; and 
-Z'- is selected from: 
40 -(CR 2 ) Z -, wherein z is 1, 2, or 3, or 

-C z ,R (2zM) -, wherein z' is 1 or 2, when one 

-Y 1 - is -N=, or 
-C 2 R 2 - when both -Y 1 - are -N= or both -Y 1 - 
are -0-; or 



45 




wherein: 

50 -Y-, -J- and -M- are as defined above, or 




OR 



wherein: 

5 I 

-Y-, -J- and -M- are as defined above. 

17, A method according to claim 16 wherein the 
performance of said subject is improved on sensory-motor 
problems or cognitive tasks dependent upon brain networks 
utilizing AMPA receptors, wherein the strength of memory 
5 encoding by said subject is improved, or wherein brain 
functioning is improved in subjects with deficiencies in 
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the number of excitatory synapses or in the number of 
AMPA receptors. 

18. A method for decreasing the amount of time 
needed for a subject to learn a cognitive, motor or 
perceptual task, or for increasing the time for which 
said subject retains cognitive, motor or perceptual 
tasks, or for decreasing the quantity and/ or severity of 
errors made by a subject in recalling a cognitive, motor 
or perceptual task, said method comprising administering 
to said subj ect an effective amount of a compound having 
the structure: 



10 




15 wherein: 



-Y- is selected from: 



-C-(CH 2 ) y -, wherein y is 3, 4, or 5; or 

20 0 

-C-CyR^y.^-; when -J- is selected from: 

I I 
-CH- or -N-; or 

25 -(CR 2 ) X -, wherein x is 4, 5, or 6, 

- C x R CZx-2>-' When • J " is: 

I I 

-N- or -CH-; 
-R is hydrogen or a straight chain or branched 
30 chain alkyl group having 1-6 carbon atoms; 
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each -M- is independently selected from: 
-C(H)-, or 

-C(Z)-, wherein Z is selected from: 
-R, or 

35 -OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from 
-C n ,H 2n ,-, -C n H (2n ,_ ir , -O- or -NR-, wherein 
n 1 is 0 or 1; 

40 each -Y 1 - is independently selected from: 

-0-, 

-NR- or - 
N= ; and 
-Z 1 - is selected from: 
45 -(CR 2 ) Z -, wherein z is 1, 2, or 3, or 

~ c z' R <2z'-n~' wherein z 1 is 1 or 2, when one 

-Y 1 - is -N=, or 
-C 2 R 2 - when both -Y 1 - are -N= or both -Y'- 
are -0-; or 



50 




NR 2 



wherein: 

55 -Y-, -J- and -M- are as defined above, or 
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J Y 
OR 



wherein: 



60 



-Y-, -J- and -M- are as defined above. 



19- Compounds of the formula: 




wherein: 



-Y- is selected from: 



10 



O 
|| 

-C-(CH 2 ) y -, wherein y is 3, 4 , or 5; or 



15 



20 



-OCyR^.^-; when -J- is selected from: 

I I 
-CH- or -N-; or 

-(CR 2 ) X -, wherein x is 4, 5, or 6, 

-C x R (2x _ 2) -, when -J- is: 

J I 
-N- or -CH-; 
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-R is hydrogen or a straight chain or branched 
chain alkyl group having 1-6 carbon atoms; 

each -M- is independently selected from: 
•-C(H)-, or 

25 -C(Z)-, wherein Z is selected from: 

-R, or 
-OR; 

wherein M can optionally be linked to 
Y by a linking moiety selected from 
30 -C^,-, -C n H (2n ,. ir , -O- or -NR-, wherein 

n' is 0 or 1; 
each -Y 1 - is independently selected from: 
-0-, 
-NR- or 
35 -N=; and 

-Z 1 - is selected from: 

-(CR 2 ) Z -, wherein z is 1, 2, or 3, or 
~ C 2' R C2z'-i>~' wherein z % is 1 or 2, when one 
-Y 1 - is -N=, or 

40 ~C 2 R 2 - when both -Y f - are -N= or both -Y 1 - 

are -0-; 

with the proviso that when each M is -C(H)-, 
each Y 1 is -0-, and Z 1 is -CH 2 -, then Y is not -(CH 2 ) A 5 -; 
or 



45 




wherein: 

50 -Y-, -J- and -M- are as defined above, or 
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OR 



wherein: 

55 | 

-Y-, -J- and -M- are as defined above 

for use in the manufacture of a medicament for decreasing 
the amount of time needed for a subject to learn a 
cognitive, motor or perceptual task, or for increasing 
60 the time for which said subject retains cognitive, motor 
or perceptual tasks, or for decreasing the quantity 
and/ or severity of errors made by a subject in recalling 
a cognitive, motor or perceptual task. 
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